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PREFACE 

The theala entitled "ORGANOSULFUR REACTIONS IN ORGANIC 
SYNTHESIS UITH METAL SULFUR DERIVATIVES (M = Mo, U)” conaiata 
of four chaptera. 

Chapter I of the theaia glvea a general account of the 

chemiatry of thiometallatea and diaulfldea and deacribes a 

2 - 

novel alkylation reaction of tetrathiometallates [MS^ ] 6 of 

tunaten and molybdenum with alkyl halidea. Reaction of piperi- 
diniuffl t etrathiotungatale or piperidinium t etrathiomolybdat e 
with alkyl halidea in dimethyl formamide at room temperature 
for 0.5-1 h gave the corr eaponding diaulfidea in excellent 
yield. Although a number of methoda are available in the 
literature for diaulfide bond formation, the aearch for milder 
reagenta for the operationally aimple proceaa ia atill on. Ue 
have developed a very aimple route for the ayntheais of 
diaulfidea directly from the correaponding alkyl halidea. 

In the preaent work thia method haa been applied aucceas- 
fully in the preparation of variety of diaulfidea from primary, 
aecondary and benzylic halidea. Tertiary halidea are inert to 
thia complex. The alkyl toaylatea react with t etrathiometal- 
latea 8 to give the corresponding disulfides in good yield 
though the reaction of toaylatea with this complex ia much 
alower (12-15 h) . The order of reactivity: alkyl iodide > 
alkyl bromide > alkyl chloride > alkyl toaylate ia in line with 
the softness of the sulfur nucleophile. Aryl halides 30 are not 
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affected by tetrathionetallat ea 6 under the reaction condi- 
tions. 

Benzyl chloride 7a gave a slightly higher proportion of 
the minor product, thiol 8a compared to benzyl bromide 7b. On 
the other hand benzyl iodide 7c afforded the disulfide 8 as 
the exclusive product in high yield. The reaction of the 
benzyl halides having electron withdrawing substituents was 
faster when compared to those having electron donating 
substituents. In the reaction of simple alkyl bromides with 
piperidinium tetrathiotungstat e Oa , it was seen that primary 
bromides reacted faster than secondary bromides. In all the 
reaction of alkyl halides with piperidinium tetrathiomolybdate 
8b, disulfides were the only product obtained in high yield. 
On the basis of the productCs) obtained, two tentative 
mechanisms for this novel alkylation have been outlined. 

This new methodology is equally effective for carrying out 
intramolecular reactions. This forms the subject matter of 
Chapter II. 1 , 3-Dibromobutane 7 reacts with t etrathiotungstate 
6 at room temperature to give a dimer 8 When the same 
reaction is carried out at a slightly elevated temperature 
(60 °C) for 4 h, we get the corresponding dithiolane O as the 
sole product. This method has been effectively used to 
construct cyclic five, six, seven and eight membered 
disulfides. The effectiveness of this methodology has also 
been extended to the synthesis of disulfides in spirocyclic 
ring system. Accordingly, pentaerythritol tetrabromide 23 was 
treated with two equivalents of tetrathiotungstate 6 to give 
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the correapondinfi epiro compound 24 in £ood yield. 
3 , 5-Dibromocyclopent ene 25, when treated with tetrathio- 
tunfiatate 6 at 0 £ave the correapondinfi hifihly volatile 
bicyclic diaulfide 26. Thia could prove to be an important 
intermediate for the synthesis of dithia-analogue of 
prostaglandin. 

Application of this methodology has been extended to the 
synthesis of two natural products having dithiolane ring 
system. The key step in the synthesis of these natural products 
is the disulfide bond formation. The two natural products 
which have been synthesized using this strategy are aspargusic 
acid 41 and oi-lipoic acid 37. 

a-Lipoic acid 37 is one of the coenzymes of an enzyme 
complex that catalyzes oxidative decarboxylation of oi-keto- 
carboxylic acids. Although a large number of synthesis of 
lipoic acid have been reported in the literature, invariably 
all of them use Na^S^, for forming the disulfide linkage which 
is also the key step of the synthesis. The reaction conditions 
are not that mild and the yields of the products are only 
moderate. Our methodology was applied efficiently in the 
synthesis of lipoic acid 37. This was prepared in six steps 
starting from acetoacetic ester. 

Asparafiusic acid 41, a plant growth inhibitor having the 
dithiolane ring system was prepared in three steps starting 


from diethylmalonate. 
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Chapter 171 of the thesis deals with the reductive 
coupling of sulfonyl halides and derivatives with tetrathio- 
tungstate 6. Sulfonyl halides l,sulfinyl halide 2, SaLffcnyl 
halide 3, sulfinic acid a-disul f ones 7 and thiosulfonates 5 
are reduced to the corresponding disulfides using 
tetrathiotungstat e 6. Sulfonic acid 19 , sulfones 19 and 
sulfoxides 17 are inert to this reagent. Some of the postulated 
intermediates have been synthesized and shown to be 
converted to final products- 

Chapter IV of the thesis deals with the generation of 
highly reactive singlet diatomic sulfur species using 
t etrathiotungstate 6 and its trapping using various dienes. 
9 , lO-Dibromo-9 , lO-dihydroanthracene IlA when treated with tetra- 
thiotungstat e 6 forms anthracene endo disulfide 18 iji situ 
which then decomposes to singlet sulfur and anthracene. This 
singlet sulfur has been trapped using cyclopentadiene 25, 
isoprene 22 and 2 , 3-diphenylbutadiene 20 in a (4+2) cycloaddi- 
tion reaction. 
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CHAPTER I 


NOVEL ALKYLATION OF ALKYL MAUDES USING 

tetrathiometXllates cm - Mo. W) 


1.1 INTRCXXICriCM 

1 . 1 a Thiomtallatas 

Recent years have seen dramatic expansion in sVnthetic and 
structural molybdenuiv'tungsten-sulfur chemistry.^ Current deve- 
lopments in M-S (where H = Mo, U) serve to demonstrate the 

structural diversity possible for combination of these 

2 - 

elements. The simplest binary H-S moiety is the [MS^] ion. 

2 - 2 - 

The molybdates [HoO^] and tungstates [UO^] undergo partial 
or total substitution of oxygen by sulfur. The thiomolybdat es 
and thiotungstat es derived by sulfur substitution from the oxo 
analog have interesting chemical properties and occupy a 
special position in coordination chemistry as they are unique 
ligands which are purely inorganic in nature and give rise to 
sulfur bridged multi-metallic complexes. 

The first report on thiomolybdat es appeared in literature 
as early as 1826, when Berzelius investigated their formation 

by passing H^S gas into aqeuous solutions of molybdates or 

2 3 4 

tungstates. Sixty years later Kruss and Corleis 


reported 
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the ayntheala of (NH^) 2 MoS^ and (NH^) 2 US^, reapectively . Detail- 
ed studies on the chemistry of these species had however not 
begun until the late I960. Since then, HUller and covorkers, 
have done pioneering work on the chemistry of these anions and 
particularly on their ability to behave as bidentate 
ligands . ^ ^ 

Thioaolybdat e and thiotungstate anions are prepared by the 

reactions of oxo-molybdat e or oxo-tungstat e anions with H^S in 

7 6 

basic aqueous solutions. ' . The reaction can be represented as 
follows : 

[M0^]2- [M 03 S 1 ^" > [n02S2]^" 

H.,S H.,S 

2 . 2 

[MOS^]^ [MS^] 

where M = Mo, U. 

All the thiometallates [the term thiometallate refers to any of 

2 - 

the thioanions of the formula [(MO, S ) where n = 1-4] have 

4-n n 

strong and characteristic absorption bands in the UV-VIS region 
and hence the reaction in which they are formed or decomposed 

7 

can be followed by spectroscopic methods. 

The duration of passage of hydrogen sulfide gas, the 
temperature; the concentration and the counter cation used are 
all important factors to be considered for the preparation and 
isolation of various thiometallates. The monothioanions have 
been shown to exist only in solution and pure compounds have 
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9 10 

not been isolated. ’ The dithiotnetallatea are prepared from 

cold oxometallate solutions. The trithionetallat e can be easily 

2 - 

prepared as cesium salts. The [MoO^ ] ion forms the tetra- 

thio species readily, while preparation of tetrathiotungstat e 

requires drastic conditions (60 ^C, 9 hr).® The stability of 

the thiometallat es decreases with increasing oxygen content. 

Thus the dithiometallates are readily hydrolyzed by water. 

Further, the thiometallates are not very stable in aqueous 

2 - 

solutions, especially at low pH. The [MS^) is tetrahedral 
2— 11-13 

like the [SO^] ion. Ammonium t etrathiometal lat es decom- 

pose to give ammonia, H^S and the amorphous trisulfide, when 
heated^^ ’ ^®(Eqn. 1.1): 

CNH^)2MS^ ^ 2 NH^ + H^S + MS^ -.(1.1) 

The thiometallates are versatile reagents in inorganic 
synthesis and undergo a variety of reactions with various 
reagents. These reactions can be broadly classified into two 
types: 

(i) Reaction of thiometallates resulting in the formation of 
sulfur rich polythiometallat es . 

(ii) Reactions of thiometallates resulting in the formation of 
heterometal aggregates. 

(i) Formation of Polythiometallat es 

The polythiometallates are formed by the reaction of 

■ j '1 9 

thiometallates with (a) polysulfides, (b) elemental 
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aulfur.^°“^® (c) organic diaulfidea , (d) thiola^^'^^ and 

6 3 3 3 7 

(e) acida. ’ A number of polythiometallates have been 

ayntheaized and atructurally characterized in recent yeara . The 
facile formation of theae aulfur rich apecies ia a clear 
indication of the high affinity of molybdenum or tungsten in 
different oxidation states for sulfur. 

2 - 2 - 

tUS^] unlike [MoS^] does not react with polyaulfide. 

2 - 

The condensation behavior of differs considerably 

2 - 

from that of [MoS^] since protonation takes place at relat- 
ively low pH values. 

(ii) Formation of Heterometal Aggregates 

The utility of tetrathiometallat e as purely inorganic 

chelating ligands started with the reported synthesis of bis - 

2 — 38 

(t etrathiotungstato)nickelat e( 1 I ) anion [NifUS.).] . nuiler 

4 z 

and coworkers studied the ligational behavior of the 
thiometallates and synthesized several heteronuclear complexes 
where the central metal ion can either be a transition metal or 
a non-transition metal and the thiometallate can be any member 
of the series (MS, 0 [M = Mo, U; n = 0-2].^’^’^^“*^ 

The preparation of the bis Cthiometallatol complexes 
involves the reaction of bivalent metal salts in the presence 
of bulky cation with thiometallates in aqueous medium. The 
general reaction for the formation of bia (thiometallato) metal 
complexes can be written as follows: 
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(v) Depending on the nature of the central metal atom there 

can be square planar or tetrahedral arrangement of sulfur 

atoms around heterometal. Thus the bis Cthiometallat e) 

47 46 

complexes of Ni(II), Pd(II) and Pt(II) are square 
planar while those of Fe(ir), Co(II)^® and Zn(ll)*’ 


are 
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tetrahedral. 

The interest in the thiometallate complexes of Co & Ni is 
mainly due to the relevance of [M’-M-S] [M' = Co, Ni] systems 
in hydrodesulfurization (HDS) catalysts. 

The Cu-thiometallate chemistry has been studied in detail 

in an effort to understand the chemical implications of Cu-Ifo 

antaeonism and has been reviewed recently by Sarkar and 
51 

Mishra. 

Very little work has been done in the area of the thio- 
metallate complexes of 4d and 5d metals. The square planar Ms- 

46 

(thiometallato) complexes of Pd and Pt are well known. The 
chemistry of the thiometallates with oreanometallic complexes 
of ruthenium and rhodium has been studied by Rauchfuss and 
coworkers . 

Biological Sifinificance 

2 - 

The relevance of thiomolybdates , [MoS^O^_^] (n = 1“4), 

2 - 

and particularly of NoS^ in some biological processes has 
recently been recognised. The synthesis and characterization 
of iron-thiometallate [Fe-M-S] (M = Mo, U) complexes as struc- 
tural models for the molybdenum site of nitrogenase has been 

the subject of intense investigations of many researchers. The 

2 — 

chemistry of [Fe-M-S] complexes derived from [MS^] anions 

53 54 

(M = Mo, U) has been reviewed by Coucouvanis and Averill. 
The iron-molybdenum cofactor [Fe-Mo-Co] isolated from Fe-Mo 
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conponent protein of nitrogenaee consiats of approximately 2 

55 

fflolybdenuma, 28-32 irons and 30 acid labile aulfura. The 

molybdenum K-edge EXAFS analysis of the Fe-Mo-Co has shown the 

presence of a unique [Fe-Mo-S] aggregate with four or five 

sulfur atoms around the molybdenum as well as two or three iron 

56 57 

atoms in the second coordination sphere. ’ The isolation of 
2 - 

MoS^ by the acid/base hydrolysis of Mo-Fe protein of 

58 

Clostridium paateuranim in 1978 by Zumft had particular 

impact on the rapid development of the chemistry of thio- 

2 - 

metallates in general and of HoS^ in particular. 

A number of [Fe-M-S] (Mo, U) complexes have been synthe- 
sized in recent years as possible models for the molybdenum 
site of the enzyme nitrogenase. These model complexes can be 
classified into two categories, 
i) the cubane model, and 
ii) the linear model. 

2 - 

In all the model complexes synthesized todate, [HoS^} has 

2 - 

been used as a molybdenum source, since [HoS^] is unique in 

providing a soluble, reactive source of molybdenum and sulfur 

which can form complexes with iron salts. The analogous 

tungsten compounds have also been prepared for a comparative 

study. Despite the plethora of new inorganic compounds of 

molybdenum and tungsten, relatively few studies have been 

reported on reactivity towards organic reagents. The first 

systematic investigation of such reactivity was started by 

59 

Stiefel and coworkers in the study of reactions of alkynes 
with Mo-S system. 
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Known reactions of alkynes with S-ligand complexes are of 
two types: 

(i) In the first or classical type the alkyne adds 
directly to the metal to form either n bound^^^ ^ or <r 
bound complexes. 

(il) In the second type the alkyne reacts with sulfide, 

disulfide or polysulfide ligands to form 1 , 2-dithlolene 

11 ^61 
ligand. 

Stiefel and coworkers chose the dianion [Mo^S^ 

2 ““ 2 + 
(SCH^CH^S)^] whose structure contains a syn-Mo^S^ 

6 2 

core, as the starting material for their studies. Uhen 
tetraethyl ammonium salt of 1 was treated with two or more 
equivalents of dimethylacetylene dicarboxylat e (DMAC), 2 equi- 
valents of ethylene were liberated. Apparently, in the major 

reaction the activated acetylene attacks the 1,2-ethane 

6 3 

dithiolate ligands to displace ethylene rather than adding to 
2 + 

the syn-Mo 2 S^ core by a process analogous to that observed 

2 + 

for the anti-Mo_S. core in (Me Cp. )Mo_S- (^-S)_ (n =1, 5) 

2 4 n 2 2 4 2 

complexes. However, when they treated the well known anion 

2 - 

[Mo 202 (/J~S) 2 ^ expected addition of 

dimethylacetylenedicarboxylate (DMAC) to occur at the terminal 
2 - 

ligands to yield 1 , 2-di thiol ene complex (2 — >■ 3), they 

obtained [Mo202(/i-S)2(S)2.2DMAC]^“ 4 , (Schaaw 1 . 1 ) . Here the 
acetylenes have inserted into the Mo-S bonds of the terminal 
disulfides (rather than into S-S bonds) to form novel five 
membered metalla-2 , 3-dithlacyclo-pent-4-ene rings. The factors 
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that lead to auch insertion rather than 1 , 2-dithiol ene 
formation or direct coordination to molybdenum are not yet 
understood. 


Harpp and MacDonald 


64 


recently reported their initial 


findings on reaction of a molybdenum-persulfide complex (NH^>- 
2 - 

[Mo 2 Sj ^2 3 ® with benzyl bromide 7b, The reaction was carried 

out in benzene in a sealed tube at 90 to give a mixture of 
sulfide 8b and disulfide 8 (Scheme 1.2). 

The following mechanism was proposed for the alkylation 
reaction: 


Mo + RBr 


Mo; 




Br 


Mo: 




.S-R 


S-S-R 


'‘S-R 


RBr 


RSSR + RSR 
8 8b 
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1.1b DISULFIDES 

The cheniatry of t etrathiotunfiatates and tetrathio- 
inolybdatea, dlacuaaed in thia chapter and later on, deala with 
the ayntheaia of diaulfidea to a large extent. Hence, it ia 
appropriate that a brief introduction on the nature and 
inportance of the diaulfide linkage and the variety of nethoda 
available for the ayntheaia of diaulfidea ia preaented ao aa to 
put the preaent work in thie right perapective. 

Materiala containing the diaulfide functional group are 
encountered in diverse places throughout nature and commerce. 
The aulfur-aulfur bond in compounds imparts many properties 
moat of which are based on its role as a cross linking site. 
Thus, in wool^^ the disulfide bonds serve as the cross links 
for the main polypeptide chains, and these cross links impart 
the desirable properties that differentiate wool from other 
protein fibers. 

Similarly, the production of the synthetic polycaprolactam 
fiber nylon-6 involves the chemical control of the number and 
type of cross links, one of which is the disulfide cross link, 
in order to obtain the desired properties of crimping and 
helical coiling. 

67 

The hair waving industry is mostly concerned with the 
rupture and reformation of the diaulfide bond. Human hair, a 
keratin, is quite similar to wool in that both contain a 
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fraction of the diaulfide croae llnka that is resistant to 
cleavage by various disulfide specific reagents. These 
resistant disulfide links maintain the protein skeletal 
structure of the hair and prevent complete loss of its fiber 
properties. The objective is to cleave just enough disulfide 
bonds of the non-resistant, non-skeletally important type so as 
to make hair sufficiently pliable to assume the shape desired. 

In proteins, the disulfide cross link may be intrachain 

68 

(e.g. bovine ribonucl ease) or interchain (e.g. insulin). In 

addition to this structural role, there is evidence that 

disulfide bonds take part in some enzyme and harmone 
68 „ 69 

reactions. Peter showed that the disulfide linkages in the 

enzyme trypsin, chymotrypsln and chymotripsinogen must be 

retained in order to preserve their activity. In ribo- 

nucleases, activity is still high after two of its disulfide 

cross links per mole have been reduced but is completely lost 

70 

on reduction of all four. 

Alkyl disulfides have been recommended for extracting 

oxygenated compounds from aqueous solutions in the 

71 

Fischer-Tropsch process. Some have been used in cutting 
72 

oils. In lubricating oils, various disulfides have been 

73 74 

claimed to improve film strength and detergent action, to 

prevent sludge formation, inhibit corrosion, stabilize and 

77 

serve as antioxidants. Propyl disulfide is a stabilizer for 

' 78 

pure hydrocarbons. Butyl, i-amyl and methyl phenyl disulfides 

79 

stabilize petroleum wax. Several aromatic disulfides are 
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80 

stabilizera for photographic ainulaiona. Allyl disulfide 

81 

prevents damage to films by heat and light. 

8 2 

Disulfides are antagonistic to lead tetraethyl. Injected 

into engine fuels they are claimed to prevent carbonization of 
83 

metal parts. Their addition to diesel fuels has been 

84 

suggested, but their use is limited on account of corrosion. 

85 

Certain disulfides are claimed as flotation agents. 

86 

Disulfides have been used as constituents of resins. 

87 

They serve as regulators in emulsion polymerization, various 

88 

disulfides have been suggested as solvents, reclaiming 


^ 89 

agents , 

90 

sof tners , 

plasticizers^^ 

and 

92 

modifiers for 

di f f er ent 

kinds of 

rubbers. They 

act 

as 

vul cani zat i on 

93 

accelerators but are less active 

than 

the 

corresponding 

mercaptans 

• 





The 

disulfides 

from petroleum 

distillates 

have been 

claimed as 

pesticides . 

Methyl disulfide is 

effective against 


nematode larvae^^ and methylallyl against blow flies. Aryl 

97 

disulfides are recommended for use in fly sprays, in tree 

9 8 9 9 

sprays and for dusting wheat to destroy rust. 

Several monocyclic disulfides occur naturally. Deriva- 
tives of 1 , Z-dithiolane include the alkaloid brugine,^^^ the 

neurotoxic compound nereistoxin from marine worm,^^^ the acid 

101 

from asparagus, charatoxin from the green fresh water alga 

Chara globularis , «-lipolc acid^^^ and the newly discovered 

103 

Gulneslne-A, B and C. 
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Th« various methods by which disulfides can be prepared 

are: 


(1) BY OXIDATION OF THIOLS 

A number of oxidants are known to convert mercaptans to 

disulfides. Among these oxidants oxygen, hydrogen peroxide, 

lead oxide, copper sulfate, hypohalides and iron(III) salts 

104 

are usually recommended for preparative use. Although 

nitrous oxide, sulfuryl chloride, chromium and selenium 
compounds, peracids and their salts, sodium polysulfide, sulfur 
dioxide, elemental sulfur are known to bring about the above 
transformation, they are less commonly used. Less selective 
oxidants are nitric acid, bromine, chlorine, sulfuric acid and 
potassium permanganate 

The oxidation of a pure mercaptan by air is extremely 
slow, if at all, but in the presence of a catalyst it may be 
rapid. The oxidation of a mercaptan to the disulfide may be 

effected by passing its vapor with air over a catalyst, such as 

105a , 105b. c , , 105b 

bauxite, iron, copper or other metals, or an 

1 0 3 d o 

alumina base catalyst. Activated charcoal at lOO^C, or 

105ef 

above has been recommended. ’ 

In alkaline solution, mercaptans are oxidized by gaseous 
oxygen. This oxidation can be speeded up by catalysts. 

The metals that aid the alkaline oxidation, arranged in order, 
are: aresenic, copper, antimony, zinc, cadmium, silver, iron 
and nickel . The oxidat ion is aided by supplying the oxygen 
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106d 

under pressure. 

The simplest method of preparing a disulfide from a mer- 
captan is by an exchange reaction as shown in Eqn. 1.3. 

CH2CH2CH2St2 + 2 CH3(CH2)3CH2SH " ^ 2 CH3CH2CH2SH 

+ 

CH3CCHp,S)2 

.. (1.3) 

This reaction is brought about by heating^^^®’ or in the presence 

, * 1 * 107b 

of catalysts. 

In the presence of alkali ammonia or an amine, sulfur 

108 

(or sodium disulfide) converts a mercaptan to disulfide. 

(Eqns. 1.4 and 1.5). 


2 RSNa + S > RSSR + Na 2 S .. (1.4) 

2 RSNa + Na 2 S 2 ^ItSSR + 2 “Na 2 S“' . 7 (T. 5 ) 


Iodine oxidizes thiols stoichiometrically . It is not only 

one of the best but also one of the most convenient methods of 

determining thiols as well (or disulfides, after reduction with 

109a 

zinc and acetic acid). Sodium or lead salts can also be 

oxidized^®’*^ (Eqn. 1.6) 
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2 RSH + ^ RSSR + 2 HI .. (1.6) 

Bromine In dry carbon tetrachloride converta a mercaptan to 
disulfide rapidly. 

Hercaptans are oxidized to disulfides by ferric compounds. 

Use of ferric chloride in ether is convenient and mild; for 

Ilia 

example, it works well with a hindered arene thiol and is 

1 *1 1 Vv 

the reagent of choice for cyclizing 1 , 5-pentanedithiol . 

Potassium f erricyanide, also mild, was used to synthesize 
111c 

oxytocin. Catalytic oxidation of thiols to disulfides can 

be effected using [ Fe^S^ (SR)^ ] ^ cluster. 

A variety of other compounds effect the oxidation of 
mercaptans: chromat es , ^ oxides of chromium, ^ selenium 

dioxide, ^^^*’^8elenium tetrachloride, chloropicrin, di- 

azonium compound, various salts, nitrosyl chloride 

and lead tetraacetate. 

(2) FORMATION OF DISULFIDES BY REDUCTION 

Reduction often provides convenient routes to disulfides 

for e.g., reduction of any arene sulfonyl chloride to. its 

disulfide by HI is probable if the substituents present on the 

117 

aromatic ring resist HI. Reduction also occurs with HBr 

which thus might be an alternative if R of Eqn. 1.7 contains 
groups incompatible with HI and to prevent bromination of the 
diaulfide, bromine is scavenged by agents like Na 2 S 0 ^ or 
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118 

aniline. Alkane sulfonate salts can be reduced to disulfide 

119 

with PBr^-PBr^ in 26-87% yield. 

HI, HBr, Mo(CO)^, Cl^SiH-Pr^N, 

(ROljP, R^P, Me^SiCl/Nal, All^ 

2 RSO Cl > RSSR 

.. (1.7) 

reduced to 
t etramethyl 

An arenesulfonyl chloride (but not an ester) is reduced by 

trichlorosilane in benzene with amine catalysis (Eqn. 1.7), as 

are sulfinyl and sulfenyl chlorides or their esters (53-91%); 

121 

the mechanism is still unclear. Sulfonic acids and sulfonyl 

derivatives are reduced to the corresponding disulfides with 

122 

iodide in the presence of boron halides. Sulfonyl halides 

and derivatives are also reduced to the disulfide by iodotri- 

1 23 

methylsi lane . Aluminium iodide is also known to effect this 
transformation. 

Phosphite esters reduce arene sulfonyl chloride, arene 

sulfenyl chlorides or thiol sulfonates to disulfides along with 
125 

other products. Phosphines reduce arene sulfonyl chlorides 

to disulfides as well as to thiols and sulfinic acid. 

Phosphines also reduce « disulfones, thiolsulfonates or poly- 

125 

sulfides to disulfides. However, care is necessary because 

phosphites and phosphines can desulfurize disulfides to 


Both arene and alkane sulfonyl chlorides are 


disulfides by hexacarbonyl molybdenum in dry 
120 

urea. 
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125 

nonosulfidee . 

(3) FORMATION OF DISULFIDES BY THIOALKYLATION OF THIOLS 

Fo88 in 1947 £ir8t recoeni8ed that many diverse classes 

show the "sulfenyl" behavior represented for RSZ in Eqn. 1-8, 

126 

that one expects from sulfenyl chlorides. Thioalkylat ion of 

a thiol by sulfenyl derivative gives unsymnetr ical disulfides. 

> R'SSR^ + Z“ .. (1.8) 

< 

be displaced by thiolate ion are: 
2 ~, R0C(0)S", SO 3 ", RS~ and CN”. 



Ampng the groups Z that can 
R 2 N", halide ion, SCN”, RSO 


Cl) Pith Sulfenamides 

The following equation illustrates the thioalkylation of a 

127 

thiol by a sulfenamide (Eqn. 1.9). Several syntheses of un- 
symmetrical disulfides have been achieved by ingenious use of 
sulfenamides. 

S 70k 

^NHS(CH 2 ) 2 NHAc + HSAr y 

/ 

+ ArSS(CH2)jNHAc ..(1.9) 



Two reports appeared simultaneously that made use of 
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aul f enylphthalinides^^® ’ ^ as shown 


in the equation 


(Eqn . 


1 . 10 ): 



NSR' 


. - ( 1 . 10 ) 


130 

Sulfenyl succiniinides or naleimides have also been used. 

Precipitation of the inide drives the reaction to completion, 

and the disulfide is readily recovered from the solution. 

Advantage of this method is the easy preparation and un- 

130 

limited shelf-life of the precursor sul f enylphthalimides . 


131 

Okecha has reported that the thioamides I (R = -H, -OMe, 

-Cl, -Br) are reduced to the corresponding (£-RC^HgCH 2 S )2 in 

30-40% yield on treatment with NaBH, (Me^CHOH) . 

4 Z 



Disulfides were not obtained on similar treatment of RCSNR^ CR 

4 2’ ’ 

= aryl, R = He, R = piperidino, R = alkyl, R 2 = morpholino). 

The selective reduction of I by NaBH^ is probably due to 

electronic and steric factors. 

(11) Uith Sulf enylthiocyanates 

Thioalkylation of a thiol can be achieved as shown in the 
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following equation (Eqn. 1.11): 




R SSCN 


path 'b' 


path ‘ a' 


■i R*SSR^ + HSCN 


R^SCPh, 


^ R^SSR^ + Ph^CSCN . 


- ( 1 . 11 ) 


The power and flexibility • of the sulfenyl thiocyanate route 

were enhanced greatly by the findings that the reaction 

succeeds even when the hydrogen of the thiol is replaced by a 

trityl, benzhydryl , a-pyranyl or isobutoxy methyl group. 

Variation like that shown in Eqn. 1.11 (path 'b')thua became 
132 

possible. Advantages of such routes are high reactivity of 

thiols and certain thioethers towards thiocyanogen and sulfenyl 
129 

thiocyanates. Hiskey and his associates have used this 

method extensively for the synthesis of aliphatic disulfides 

133 1 3 41 

and for sulfur containing polypeptides. ' 

(iii) With Thiolsulfonates R^ SO^SR^ and Thiolsulf inates R*S0SR^ 
Synthesis of disulfides by use of thiolsulfonates is shown 
in the following equation (1.12): 


Cl 


2 


(a) CL 2 (or SO 2 CI 2 )- 
HOAc-H 0; or H 0 . , 

> r‘s02Sr’ 


2 R*SH 


> [R^SSR*] 
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(t>) 


R^SNa 


R^SSR^ 


R SO^Na 


..( 1 . 12 ) 


The chief advantage of this route (like that with sulf enamidea) 
is that reagent desired for thioalkylating several thiols, can 
be prepared once and kept indefinitely. A disadvantage, with a 
synmetrical thiolsul fonat e is that half of it is wasted as the 
displaced sulfinate (Eqn. 1.12). 


A symmetrical aliphatic thiolsul fonat e can be obtained 

(87%) smoothly by the Douglas-Farah reaction in which one 

carefully chlorinates a disulfide at -10^ in acetic acid and 

then adds water. Unsymmetrical thiolsul fonat es may be made by a 

135 

modified route (82-84%). Aromatic thiol sulfonates can be 

136 

prepared similarly from a disulfide or thiol (75-89%). 


Thiolsulf inates can be prepared from disulfides and used 

to convert thiols to unsymmetrical disulfides all in one 
137 

operation (Eqn. 1.13): 


H 2 O 2 RCOjH 2R^SH 

2 R^SH y R^SSR* > R*S(0)SR^ 2 R^SSR^ + H 2 O 

..(1.13) 

(iv) With Sulfenyl thiolcarbonat es (R * SSC0 2R^) 

138 

In this elegant route, one first obtains carboalkoxy 
139 

sulfenyl chloride in two steps which is then converted to a 
sulfenyl thiol carbonate (Eqn. 1.14): 
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HzO, H^SO^ 


Cl^CSCl 


C1SC(0)C1 


ROH 


R*SH 


->• CISCO2R 


0 ®C 


A 

RO-C-S-S + SR‘ 

II I, I 

OR H 
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r‘ssr^ + 


R^SSCO^R 

.. (1.14) 

COS + ROH 

.. (1.15) 


Sulfenylthiol carbonate ia then fragmented in a heterolytic 
fashion by a second thiol to give the corresponding disul- 
fide^^° (93-99%) (Eqn. 1.15). 

(v) With Bunte Salts (RSSO ^) 

Disulfides can be prepared indirectly by the reaction of 

Bunte salts with acid solution of iodide, thiocyanate ion or 
141 

thiourea, by pyrolysis or treatment with hydrogen peroxide. 
R^SS 03 “ + R^S~ 'I — ^ r‘sSR^ + SO^" .. (1.16) 


Best results ensue with short reaction periods at 0 main- 

taining the pH around 8. In this reaction, the dispropor- 
tionation may be troublesome and fails to .produce disulfide in 

141 

high yields (10~40%). Bunte salts also have been used to 

142 

prepare tri and tetra but not pentasulf ides. 
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(Vi) Uith Thiocyanates (RSCM) 

Thia nethod apparently haa been uaed to nake noatly 

143 

aynmetrical diaulfidee. It ia rarely uaed now, althou£h it 

proved reaaonably effective for converting netal 1-alkene 

144 

thiolates to unaymnetrical diaulfidea (Eqn. 1.17): 

R*SCN + R^SH y r‘sSR^ + HCN .. (1.17) 

Diaulfide reaulta when a thiocyanate ia heated with a baae, 
perhapa becauae thiolate ion is generated and then ia either 
thioalkylat ed by the thiocyanate or oxidized. 


(4) BY OTHER HETHODS 

Arylation of Na^S^ with a suitably activated aryl halide 

145 

can afford a good synthesis of a sysuDetrical disulfide (Hqn. 

1.18). Arene diazoniunt salts also arylate Na^S^r but one should 

be aware of the possible explosions, presumably caused by accu- 

143 146 

mulation of diazosulfides. ' Since ’'Na 2 S 2 ’' is a statis- 
tical compound, sulfides, TrrlsulTiaes* and higher sulfides are 
also formed. 



(1.18) 


Na^S + S 
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1.2 RESULTS AND DISCUSSION 

Very little ie known on the use of thloaetallates in 

organic chemistry even though they have been the subject of 

study by theoretical and inorganic chemists for quite some 

time.^ The only reaction of significance that has been 

reported in the chemistry of thiometallates of molybdenum or 

tungsten with organic reagents is the interesting alkylation of 

2 - 

a persulfido complex of molybdenum, S with benzyl 

bromide 7b. Harpp and MacDonald found that reaction of (NH^)^" 

Ho 2 Sj^ 2 » ® with benzyl bromide 7b in benzene in a sealed tube at 
o 

90 C gave after work-up a 8:1 mixture of dibenzyl sulfide ©b 

and dibenzyl disulfide 8 (Scheme 1.2). As can be seen, this 

molybdenum persulfide complex is not all that reactive and is 

also not selective since it produces a mixture of sulfides and 

disulfides from alkyl halides. Another disadvantage of this 

methodology is that the synthesis of the complex Itself is 

tedious. Hence, it was decided to synthesize the more 

readily available simple thioanlons of molybdenum and tungsten 
2 - 

(HS^ ) and study the behavior of these metal-sulfur deriv- 
atives as sulfur transfer reagents in organic synthesis. Ue 

prepared the tetrathiotungstat e 8a and tetrathiomolybdat e 6b by 

7 8 

following a modified procedure. ' Piperidine, distilled water 
and tungstic acid were refluxed till the tungstic acid went 
into solution. H^S was then passed into the solution at 60 
for about 8 h. The resulting crystals were filtered and washed 
with isopropanol and ether and vacuum dried. They were stored 



25 


under deasicated conditions. The correspondinfi thiomolybdate 
6b was prepared by the same procedure usinc nolybdic acid. The 
H^S in this case was passed at ~28 for 0.5 h. 

The tetrathioinetallates 6a and 6b are soluble in dimethyl- 
formafflide and to a lesser extent in acetonitrile and hence 
dinethyl fornanide was chosen as the solvent for all our 
reactions with 6a and 6b. Initial efforts were directed 
towards studying the behavior of tetrathioinetallates 6a and 6b 
with alkyl halides including benzylic and allylic halides. 
Accordingly reaction of piperidinium tetrathiotungstat e 6a with 
alkyl halides in dimethyl formamide at ~28 for 0. 5-1.0 h gave 
after work-up the corresponding disulfides in good to excellent 
yields^^^ (Eqn. 1.19). 

[ ^ 2”^ 4 * ^ •* 

6 

where 6a = M = W 

6b = H = Mo . 

The results of the sulfur transfer reactions on a variety of 
alkyl halides with 6a are summarized in Table 1.1. 

As the data in Table 1.1 indicate, benzyl chloride 7a gave 
a slightly higher proportion of the minor product, thiol 8a 
(20%) compared to that obtained in the reaction of benzyl 
bromide 7b with 6a (17%). On the other hand benzyl iodide 7c 
afforded the disulfide 6 as the only product in very high 
yield (98%), The reaction of benzyl iodide 7c with 6a is almost 
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Contd -- 
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Entry 

Substrate 

Time (h) 

Product (s) 

Yield (•/.) 

9 

CH 3 CH 2 CH 2 CH 2 Br 

3 

CH3CH2CH2CH2S->2 

99 


IZ 


re 


10 

CH 3 CH 2 Br 

0.5 

CHjCHiS^j 

40 


li 


20 


11 

CH-Br 

H 3 C 21 

5 

H 3 C 

H 3 C 22 

43 

12 

Q-Br 

23 

12 

O-a 

M. 

85 

13 


0.1 


58 


25 


26 


U 

CH3CH2CH2CH2OTS 

13 

18 

63 


27 




15 

-^Br 

10 

NO REACTION 
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16 

o-^:: 

10 

NO REACTION 



li 




17 


10 

NO REACTION 
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instantaneous whereas the reaction with benzyl chloride 7a is 
slower. However, due to easy availability o£ starting 
materials, bromides were chosen as the substrates. Similar 
trend was observed with other substituted benzyl halides with 
yields ranging from 75-100%. £-Cyanobenzyl bromide O, 
£-nitrob6nzyl bromide 11 and jg-chlorobenzyl chloride 13 gave 
the correspond- ing disulfides 10, 12 and 14 in 100, 83 and 73% 
yield, respectively. As expected, m-methoxybenzyl chloride 15a 
gave a slightly higher proportion of the minor product, thiol 
16a (23%) compared to that obtained in the reaction of 
m-methoxybenzyl bromide 15b with 6a (17%). 

This method is equally effective for forming aliphatic 
disulfides. Ethyl bromide 18 reacted with 6a very rapidly 
(~0.5 h) to give the corresponding disulfide 20 in 40% yield. 
The low yield in the case of ethyl bromide is probably due to 
the high volatility of the starting material and the product. 
Butyl bromide 17 reacted with 6a to give the corresponding 
disulfide 18 in 99% yield. The reaction took 3 h to go to 
completion. The reaction of butyltosylate 27 with 6a was much 
slower (i3 h) and gave the corresponding disulfide 18 in 63% 
yield. The two secondary bromides, isopropyl bromide 21 and 
cyclohexyl bromide 23 were much slower to react with 6a. 
Isopropyl bromide 21 gave the disulfide 22 in 43% yield after 
5 h whereas cyclohexyl bromide 23 gave the corresponding 
cyclohexyl disulfide 24 in 85% yield after 12 h. tert- Butyl- 
bromide 28 and 2 , 2-dibromobicyclo(6 , 1 , 0)nonane 20 were however, 
found to be inert to 6a since starting materials could be 
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recovered unchanfied after 24 h. Allyl bromide 25 reacted 
almost instantaneously (0.1 h) to give the corresponding di- 
sulfide 26 in 58% yield. Bromobenzene 30 did not react with 6a. 

In order to compare the reactivity of t etrathiotungstate 
6a with t etrathiomolybdat e 6b, we carried out the reaction of a 
number of alkyl halides with t etrathiomolybdat e 6b. The results 
are summarized in Table 1.2. 

Tetrathiomolybdat e 6b reacts with alkyl halides to give the 
disulfides as the sole product. Benzyl bromide 7b gave the 
disulfide 6 as the only product in 90% yield. £_-Cyanobenzyl 
bromide O and jg-nitrobenzyl bromide 11 gave the corresponding 
disulfides 10 and 12 in 65% and 59% yield, respectively, whereas 
£-chlorobenzyl chloride 13 gave the disulfide 14 in 99% yield. 
m-Hethoxybenzyl bromide 15b gave the disulfide 16 as the sole 
product in 73% yield. Butyl bromide 17 gave after 4 h 97% of 
the disulfide IS whereas cyclohexyl bromide 23 gave the 
corresponding disulfide 24 in 76% yield after 12 h. 

The t etrathiometallates 6a and 6 b“al 80 - react with alkyl 
tosylates to give the corresponding disulfides in excellent 
yields though the reaction of tosylates with 6 is much slower 
(12-15 h). The order of reactivity : alkyl iodide > alkyl 
bromide > alkyl chloride > alkyl tosylate is in line with the 
softness of the sulfur nucleophile. Aryl halides are not 
affected by 6a or 6b under the reaction conditions. 

Although this is a good method for making symmetrical 
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REACTION OF TETRATHIOMOLYB DATE WITH ALKYL HALIDES 


Entry 

Substrote 

Time(h) 

Product 

Yield (•/.) 

1 

<^^^CH 2 Br 

7b 

[ 

0.5 

'Q^CHaS-f^ 

1 

90 

2 

CN— 

1 

0.1 

C N — C H 2 S 

10 

65 

3 

^ 02 '-^~ 3 ~~CH 2 Br 

H 

0.1 

NO 2 — CH 2 S-^ 

12 

59 

4 

Cl-^^^^CH 2 Cl 

13 

0.5 

CI-^^^^CH 2 S-^ 

14 

99 

i 

5 

^~~^CH 2 Br 

OCH 3 

15b 

0.5 

OCH 3 

16 

73 

6 

CH 3 CH 2 CH 2 CH 2 Br 

11 

4 

CH3CH2CH2CH2S-)2 

18 

97 

7 


12 

24 

76 
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disulfidee, attempts to make unsymmetrical disulfides from two 
different alkyl halides result in a mixture of three compounds. 

At the present time we do not have any direct evidence 

VI VI 

regarding the fate of the inorganic complex [Mo or U ] after 
the reaction is completed. Attempts to purify, isolate and 
identify a single inorganic species from the reaction 
mixture, which incidentally can throw some light on the 

mechanistic pathway, have proved to be unsuccessful .Ue 
invariably end up with a dark gummy material which we believe 
is a mixture of more than one inorganic material, indicating 
that the reaction could be following more than one reaction 
pathway. Nevertheless, as a working hypothesis we propose a 

tentative mechanism for this novel alkylation which is outlined 
in Schama 1.3. 

The first step involves either an alkylation across the 

M-S bond to facilitate the departure of RS or protonation of 

2 - - 
US^ from piperidinium cation to help the departure of SH 

2 - 

resulting in the dimerization to form an intermediate 

ion 31 . This type of an ion has previously been postu- 

32148 

lated ' and has been prepared by other routes in the 

literature. Although we cannot authenticate the inorganic 

product, the possibility of this ion being formed cannot be 

ruled out. Our speculation seems to be reasonable on the basis 

2 - 

of the available literature data. 31 then undergoes 

reduction of the metal with the oxidation of the ligand in an 
induced intra- molecular electron transfer pathway to form the 
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Scheme 1.4 
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disulfide. This suggestion is in support of an earlier 

observation that the alkylation of US.^ bonds was the key 

4 

2 - 149 

feature of the mechanism of formation of *^ 3^9 - . 1 '*^ 

likely that the alkyl chlorides tend to yield thiols as a minor 

product as a consequence of the first step of the mechanism 

1 .i 150 

envisaged. 

Another tentative mechanism is outlined in SchsM 1.4. The 
first step envisages the alkylation across the M-S bond which 
then can be replaced by a ligand to facilitate the departure of 
RS (path a) which eventually gives rise to thiols. The 
alkylated product in an internal redox process (path b) can 
lead to the disulfide with the formation of IlS^ 37. 

The present methodology apart from being novel as a sulfur 
transfer reaction from thiometallates , compares favorably 
with other methods of synthesis of disulfides. Further work is 
necessary to conclusively delineate the mechanism of this 


reaction . 
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1.3 EXPERIMENTAL SECTION 
Expcrlnfental Pfoeedure 

All the reactions were performed in oven dried apparatus. 
Reaction mixtures were stirred magnetically unless otherwise 
specified. Reaction product solutions were concentrated using 
a Perfit rotary evaporator and products were characterized by 
comparison with authentic samples (spectra, T.L.C., m.p.). 

Lassaigne's test was performed on each compound for detection 
of sulfur 

Materials 

Commercial grade solvents were distilled prior to use. 
Dimethyl formamide was initially purified by azeotropic 
distillation with benzene. The residual solvent was shaken 
with calcium oxide, filtered and distilled at reduced pressure. 
The fraction having b.p. 76 °C/39 mm Hg was collected. The 
distillate was stored over a type 4 ^ molecular sieve. 

Chromatography 

Analytical thin layer chromatography was performed on 

Merck precoated glass backed silica gel 60F-254 0.25 mm plates. 

Visualization of the spots was effected by one or more of the 

following techniques : (a) ultraviolet illumination; (b) exposure 

to iodine vapour; (c) immersion of the plate in a 10% solution 

of phosphomolybdic acid in ethanol followed by heating to ca . 
200 °C. 



Column chromatography was performed using 60-120 and 
100-200 mesh Acme silica gel. The flash chromatography was 
performed using Merck thin-layer chromatography silica gel. 

Physical Data 

Melting points (m.p.) were determined with a uni-melt 
capillary melting point apparatus and are uncorrected. Boiling 
points (b.p.) are uncorrected. 

Bulb to bulb distillation was carried out on a 
B(ichi-GKR-50 distillation unit. 

Infrared (IR) spectra were recorded on Perkin-Elmer model 
1320 and 580 spectrophotometers and are reported in wave 
numbers (cm 

Proton magnetic resonance (PMR) spectra were recorded at 
90 MHz on a Varian EM-390 instrument, at SO MHz on Bruker UP-80 
instrument and at 90 MHz on Jeol FR-900 instrument. Chemical 
shifts are reported in parts per million down field from 
internal reference tetramethyl silane (TMS) (6). Multiplicity is 
indicated using the following abbreviations : s (singlet), d 
(doublet), t (triplet), q (quartet), m (multiplet), br (broad); 
etc. Mass spectra (MS) were recorded on a Jeol JHS D-300 mass 
spectrometer. Principal molecular fragments are reported. 


Preparation of Piperidinium t etrathiotungstat e 


6a 


Tungstic acid (5.0 g) was refluxed in a mixture of water 
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(10 ml) a.nd piperidine (15 nl) for 1 h. The above solution was 
filtered and H^S was bubbled rapidly at 60 for 8 h. The 

reaction mixture was cooled and the yellow crystals of 6a 
formed were filtered, washed with isopropanol (50 ml) and ether 
(20 ml) and dried in vacuo (7.5 fi, 78%). 

IR (KBr): 3020, 2990, 2950, 1620, 1600, 1540, 1470, 1440, 1390, 
1300, 1030, 1020, 990, 910, 655, 455 cm"^ . 

(CH OH) 

X : 396 (11968). 

max 

Analysis: Calcd for C, 24.79; H, 4.45; N, 5.78. 

Found: C, 24.58; H, 4.78; N, 5.72%. 



Molybdic acid (5.0 g) was dissolved in a mixture of water 
(10 ml) and piperidine (15 ml). The solution was filtered and 
H 2 S was passed rapidly into the solution at room temperature 
(28 °C) for 0.5 h. The red crystals of 6b formed were 
filtered, washed with isopropanol (50 ml) and ether (20 ml) and 
dried i^ vacuo (7.4g,76%). 

IR (KBr) : 3020, 2990, 2950, 1620, 1600, 1540, 1470, 1440, 1410, 
1390, 1300, 1030-1020, 910, 470 cm~^. 

(CH OH) 

X : 471 (16980). 

max 

Analysis : Calcd for Cj^qH 2 ^N 2 S^Mo: C, 30.30; H, 6.06; N, 7.07. 

Found: C, 30.24; H, 6.12; N, 7.01%. 



Reaction of Benzyl chloride 7m with 



CH2CI 




7d 


6a 





CH2SH + 


8a 



CH2S-^ 


6 


To a solution of piperidiniun tetrathiotungstat e 6a (1.936 
e, 4 naol) in dimethyl formamide (12 ml) was added dropvise 
benzyl chloride 7a (0.508 e, 4 mmol) in dimethyl formamide (4 
ml). The reaction mixture was allowed to stir for 1 h. It was 
worked up as described earlier. Chromatoei'aphic purification 
using petroleum ether (60-80 ^C) as eluent gave benzyl thiol 6a 
(0.100 g, 20%), b.p. 193 and benzyl disulfide 8 (0.332 g, 
67%), m.p. 68-70 °C- 


Compound 6a 

IR (thin film) : 2560 cm ^ . 

NMR (CCl^) : 6 1.4-1.56 (t, 1 H); 3.63, 3.73 (d, 2 H); 7.23 

(s, 5 H). 


Compound 8 

IR (KBr) 

NMR (CCl^) 
MS (m/e) 


: 3085, 3030, 2930, 1600, 1495, 1455, 650 cm 
: 6 3.5 (s, 4 H); 7.2 (s, 10 H). 

: 246 (M"^), 214, 182, 121, 91. 


Reaction of Benzyl bromide 7b with 6a 



CHiBr + 6a 




CH2SH 4- 


8a 



To a solution of piperidinium tetrathiotungstat e 6a (1.936 
g, 4 mmol) in DMF (12 ml) was added dropwise benzyl bromide 7b 



(0.48 ml, 4 nmol) In DMF (4 ml). The color of the reaction 
mixture changed instantaneously to dark brown. The reaction 
was allowed to go for 0.5 h. The reaction was worked up by 
diluting it with water (100 ml) and extracting it with ether 
(3x20 ml). The ether extracts were washed with water until the 
aqueous washings were colorless. The organic layer was dried 
(anhydrous MgSO^ ) and the solvent was removed under reduced 
pressure. Chromatographic purification using petroleum ether 

(60-80 °C) as eluent gave benzyl thiol fia (0.084 g, 17%), 
b.p. 193 °C (lit.^^^ b.p. 194-5 ®C) and benzyl disulfide 8 
(0.344 g, 70%), m.p. 69-70 (lit.^^^ m.p. 71-2 ®C). 

Reaction of Benzyl bromide 7b with 6b 



7b 6b 8 


To a solution of piperidinium tetrathiomolybdate 6b 
(1. 980 g, 5 mmol) in DMF (16 ml) was added dropwise benzyl 
bromide 7b (0.6 ml, 5 mmol) in DMF (4 ml). Color of the 
reaction mixture changed instantaneously. The reaction was 
allowed to go for 0.5 h. It was worked up by diluting it with 
water (125 ml) and extracting it with ether (3x20 ml). The 
ether extracts were washed with water until the aqueous 
washings were colorless. The organic layer was dried 
(anhydrous MgSO^) and the solvent was removed under reduced 
pressure. Chromatographic purification using petroleum ether 
(60-80 ^C) as eluent gave benzyl disulfide 8 


(0.555 g. 
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CN-^^CH2S-)2 

JO 

To a solution of piperidinium tetrathiotungstate 6a (1.936 
g, 4 ffliBol) In dimethyl formamide (12 ml) was added with 
stirring £-cyanobenzyl bromide 0^^^ (0.784 g, 4 mmol) in 

dimethyl formamide (4 ml). The reaction mixture was allowed to 
stir for 0.1 h. It was worked up as described earlier. Concen- 
tration of the organic layer yielded pure £-cyanobenzyl- 
disulfide lO (0.592 g, 100%), m.p. 146-7 (lit.^^^ 147. 5®C). 

IR (KBr) -3100, 3000, 2240, 1600, 1220, 760, 540 cm“^ . 

NMR (CCl^) : <5 3.66 (s, 4 H); 7. 3-7. 4 (d, 4 H); 7.63-7.7 


Reaction of compound 8 with Ba 

CN-^^CH2Br + ((^NH2)2WS4 



MS (ffl/e) 


(d, 4 H). 

: 296 (M'^), 264, 232, 116. 

Reaction of compound d with 6b 

CN--^^“CH2Br + ( ^ )^H2)2 MoS^ ► CN-^~^-CH2S-^ 

9 10 

To a solution of piperidiniun tetrathionolybdate 6b (1.584 
g, 4 iBfflol) in dimethyl formamide (12 ml) waa added £-cyano- 
benzyl bromide 0 (0.784 ft, 4 mmol) in dimethyl formamide (4 
ml). The reaction mixture vaa allowed to atir for 0.1 h and vaa 
worked up aa described earlier. Organic layer was dried 
(anhydrous MgSO^) and the solvent was removed under reduced 
pressure. Chromatographic purification using 20% dichloro- 
methane/petroleum ether (60-80 *^C) as eluent gave p-cyanobenzyl 
disulfide 16 (0.384 g, 65%), m.p. 146-7 ®C. 


Reaction of p-Nitrobenzyl bromide 11 with 6a 


N02-^^CH2Br + ( (^NH2)2WS4 


11 


6 a 



To a solution of piperidinium tetrathiotungstate 6a (1.936 

g, 4 mmol) in dimethyl formamide (12 ml) was added with 

154 

stirring £-ni trobenzyl bromide 11 (0.864 g, 4 mmol) in 


dimethyl formamide (4 ml). The reaction mixture was worked up 
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ae described earlier after a period of 0.1 h. Chronatofiraphic 
purification using 15% CH^Cl^ /petroleum ether (60-80 
mixture as eluent gave ^-nitrobenzyl disulfide 12 (0.556 g, 

83%), m.p. 123-4 °C (lit.^^^ m.p. 125 ®C). 

IR (KBr) : 3100-3020. 1530. 1280, 870, 800 cm~^ . 

NMR (CCl^) : <5 3.63 (s, 4 H); 7.36-7.46 (d, 4 H); 8. 2-8.3 
(d, 4 H). 

MS (m/e) : 336 (M"^), 272, 136. 

Reaction of 11 with 6b 

N02-<Q>-CH2 Br + ({^NH2)2Mo54 ^02-^^-CH2S-^ 

11 12 

To a solution of piperidinium t etrathiomolybdate 6b (1.688 
g, 3 mmol) in dimethyl formamide (10 ml) was added dropwise 
p-nitrobenzyl bromide 11 (0.648 g, 3 mmol). The reaction 
mixture vas allowed to stir for 0.1 h. It was worked up as 
described earlier Chromatographic purification using 15% 
CH 2 CI 2 /petroleum ether (60-80 ^C) mixture ae eluent gave 

£-nitrobenzyl disulfide 12 (0.297 g, 59%), m.p. 123-4 ^C. 

Reaction of p Chlorobenzyl chloride 13 with 6a 



13 6a 14 


To a solution of piperidinium tetrathiotungstat e 6a (1.936 
g, 4 mmol) in dimethyl formamide (12 ml) was added dropwise 
with stirring £-chlorobenzyl chloride 13 (0.644 g, 4 mmol) in 





52 


To a solution of piperidiniun t etrathiotungstate 6« (1-452 
6, 3 nmol) in dimethyl formamide (10 ml) vae added dropwise 
with constant stirring m-methoxybenzyl chlroide 
(0.471 e, 3 mmol) in dimethyl formamide (2 ml). The reaction 

was worked up after 0.7S h the same way as described 

previously. Chromatographic purification using 20% dichloro- 
methane/petroleum ether (60-80 °C) as eluent gave 16a(0.105 g, 
23%) and 18 (0.348 g, 76%). 

Compound Ida 

IR (thin film) : 2560 cm“^ . 

NMR (CCl^) : S 1.2 (br, 1 H); 3.73 (s, 3 H); 4.4 (s, 2 H); 

6.66-7.0 (br, 3 H); 7.03-7.33 (br, 1 H). 

MS (m/e) : 154 (M*^), 121, 107, 95. 

Compound 16 

IR (CHCl^) : 3060, 3000, 2950, 2835, 1590, 1480, 1245, 

1030, 780 cm“^. 

NMR (CCl.) : S 3.54 (s, 4 H); 3.76 (s, 6 H); 6.66-6.9 (br, 
4 

6 H); 7.06-7.36 (br, 2 H). 

MS (m/e) : 306 (M"^), 242, 153, 121. 


Preparation of m-Methoxybenzyl alcohol 



To a slurry of lithium aluminium hydride (2.489 g, 65.5 



fflinol) in dry ether (40 nl ) at 0 wae added dropviae with 
stirring o;-anisic acid (7.6 g, 50 iiunol) in dry ether (50 ml). 
After the addition was complete , the reaction was refluxed for 
24 h, cooled to 0°C and worked up by careful addition of water 
(2.5 ml), 15% aqueous sodium hydroxide (2.5 ml) and water 
(2.5x3 ml) and stirred for additional 15 min. It was filtered 
through a sintered funnel, washed with ether, the filtrate 
dried (anhydrous MgSO^) and concentrated to give m^-methoxy- 
benzyl alcohol (5.959 g, 86.4%), b.p. 128-129 ‘^C/9 mm (lit.^^^ 
b.p. 129-131 ®C/9 mm. 

Preparation of m- Kethoxybengyl bromide 15b 



ffi-Methoxybenzyl alcohol (8.93 g, 0.0647 mol) was treated 
with 9.5 g (0.035 mol) of PBr^ in ether (150 ml) overnight. 
The mixture was hydrolyzed by ice water and the layers 
separated. The ether layer was washed with NaHCO^ solution, 
dried (anhydrous MgSO^ ) and distilled to give m-methoxybenzyl 
bromide 15b (116.8 g, 90%), b.p. 122-123 *^0/13 mm) lit.^^^ b.p. 
123-124 °C/13 mm. 


Reaction of m- Wethoxybenzyl bromide IBb with 6a 



16 
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To a solution of piperidiniuni tetrathiotungstate 6a 
(1.936 g, 4 miDol) in dimethyl formamide (12 ml) was added 
dropwise with stirring m-methoxybenzyl bromide 15b (0.604 g, 
4 mmol) in dimethyl formamide (4 ml). The reaction took 0.5 h 
to go to completion. It was worked up the same way as described 
earlier. Chromatographic puri f icat iohn using 20% dichloro- 
methane/petroleum ether (60-80^C) as eluent gave the thiol 16a 
(0.104 g, 17%) and the disulfide 16 (0.504 g, 82%). 


Reaction of m- Hethoxybenzyl bromide 15b with 6b 



OCH3 


CH2Br + ( ^ H2 )2 M0S4 


15b 


6b 




16 


To a solution of piperidinium tetrathiomolybdat e 6b (1.980 
g, 5 mmol) in dimethyl formamide (16 ml) was added dropwise 
with constant stirring m-methoxybenzyl bromide 15b (1.005 g, 5 
mmol) in dimethyl formamide. The reaction took 0.5 h to go to 
completion. It was worked up in a manner similar to that des- 
cribed earlier. Chromatographic purificationusing 20% dichloro- 
methane/petroleum ether (60-80 °C) as eluent gave 16 (0.560 g, 
73%) as the only product. 


Reaction of Butyl bromide 17 with 6a 

CH3CH2CH2CH2Br + ( ^^NH2)2W54 ► CH3CH2CH2CH2S-)2 

17 6a 18 


To a solution of piperidinium tetrathiotungstate 6a (1.936 
g, 4 mmol) in dimethyl formamide (12 ml) was added with 
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constant stirring butyl bromide 17 (0.548 g, 4 mmol) in 

dimethyl formamide (4 ml). It took 3 h for the reaction to go 
to completion. It was worked up as described earlier. 
Chromatographic purification using 10% ether /petroleum ether 
(60-80 ^C) as eluent afforded the butyl disulfide 18 (0.352 g, 
99%), b.p. 96-99 °C/6 mm (lit.^^^ b.p. 226 ^^C) . 

IR (thin film) : 2960^2860, 1465, 1450, 1375, 760 cm"^. 

NMR (CDCl^) : S 0.88 (s, 6 H); 1.28-1.68 (m, 8 H); 2.70-2.96 
(t, 4 H). 

MS (m/6) : 178 (M"^), 146, 89. 

Reaction of Butyl bromide 17 with 6b 

CH3CH2CH2CH2Br -H ( 

12 ik li 

To a solution of piperidinium tetrathiomolybdat e 6b (1.584 
g, 4 mmol) in dimethyl formamide (12 ml) was added with 
constant stirring butyl bromide 17 (0.548 g, 4 mmol) in 

dimethyl formamide (4 ml). TLC showed no starting material at 
the end of 4 h. It was worked up in a manner as described 
previously. Chromatographic purification using 10% ether/ 
petroleum ether (60-80 °C) as eluent afforded the butyl 

disulfide le (0.344 g, 97%), b.p. 96-99 °C/6 mm. 

Reaction of Ethyl bromide 19 with 6a 

CH3CH2Br + ( 

19 6a 20 


__ 


<^NH2)2WS4 ► CH3CH25-)2 


{ )nH2)2 ^ CH3CH2CH2 CH25^ 



56 


To A solution of piperidiniun t etrathiotunfistate 6a (1.452 
g, 3 iDfltol) in dimethyl foratamide (10 ml) was added with 

stirring ethyl bromide 10 C 0.327 g, 3 mmol) in dimethyl 

formamide (2 ml). The reaction mixture was stirred for 0.5 h. 
It was worked up as described previously. Chromatographic 
purification using petroleum ether (40-60 °C) afforded the 

ethyl disulfide 00 (0.073 g, 40%), b.p. 150 °C (lit.^^^ b.p. 

153 ^C). 

IR (thin film): 2960, 2855, 1375, 1200, 680 cm“^. 

NMR (CCl^) : 6 1.26-1.46 (t, 6 H); 2.83-3.03 (q, 4 H). 

MS (m/e) : 122 (M^), 61. 


Reaction of Isopropyl bromide 21 with 6a 


CH3^ 


CH3 


^CH-Br + (^NH2)2WS4 


CH3\ 

Cri3 


CH-S-^ 


21 


6a 


22 


To a solution of piperidinium tetrathiotungstat e 6a(1.936 
g, 4 mmol) in dimethyl formamide (12 ml) was added dropwise 
with constant stirring isopropyl bromide 21 (0.492 g, 4 mmol) 
in DMF (4 ml). The reaction took 5 h to go to completion. It 
was worked up the same way as described earlier. Chromatogra- 
phic purification using 5% ether/petroleum ether (40-60 °C) 

gave 22 (0.159 g, 43%), b.p. 95 ‘*C/56 mm (lit.^^^ b.p.l77 °C). 
IR (thin film): 1380, 1365 cm“^. 

NMrCCCI^) : 6 1.30-1.36 (d, 12 H); 2.95-3.40 (m, 2 H). 

: 150 (M‘*‘), 118, 75. 


MS (m/e) 
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Reaction of Cyclohexyl bromide 23 with 6a 

+ ({^NH2)2WS4 ► r2)-S-^ 

23 §2 Ik 

To a solution of piperidiniuoi t etrathiotungstate 6a (1-936 
g, 4 ffloiol) in dimethyl formamide (12 ml) was added dropvise 
with constant stirring cyclohexyl bromide 23 (0.652 g, 4 mmol) 
in DMF (4 ml). The reaction took 12 h to go to completion. It 
was worked up as described earlier. Chromatographic purifi- 
cation using Sk ether /petroleum ether (60-80°C) as eluent gave 
24 (0.392 g, 85%), b.p. 106-110*^0/2 mm (lit.^*^^ b.p. 110- 
112 °C/2 mm). 

IR (thin film): 2926, 2852, 1452, 740 cm~^. 

NMR (CCl^) : S 1.0-2.16 (br, 20 H); 2.81-3.1 (m, 2 H). 

MS (m/e) : 230 (M"^), 115, 83. 

Reaction of Cyclohexyl bromide 23 with 6b 

2M0S4 ■ ► O-s-^2 

23 §h 24 

To a solution of piperidinium t etrathiomolybdat e 6b (1.584 
g, 4 mmol) in dimethyl formamide (12 ml) was added with 
constant stirring cyclohexyl bromide 23 (0.652 g, 4 mmol) in 
DMF (4 ml). The reaction was worked up after 12 h in the same 
manner as described earlier. Chromatographic purification using 
5% ether/petroleum ether (60-80 °C) as eluent gave 24 (0.350 g. 
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76%), b.p. 106-110 ®C/2 fflin. 



To a solution of piperidiniusi tetrathiotungstat e fia (1.452 
e, 3 mmol) in dimethyl formamide (4 ml) at 10 was added with 
constant stirrinfi allyl bromide 25 (0.363 £, 3 mmol). The 
reaction mixture was worked up after 4h ,aa described 
previously , to £ive allyldisulf ide 26(0.126 £, 58%), b.p. 77-78 

°C/16 mm (lit.^*^* *^*P-16 °C/16 mm). 

IR (thin film): 1645, 989, 915 cm~^ . 

NWR (CCl^) : & 3.40, 3.45 (d, 4 H); 5.0-5.26 (m, 4 H); 5.61- 
5.87 (m, 2 H). 

MS (m/e) : 146 (M'*'), 114, 105, 99, 73, 41. 

CH3CH2CH2CH2S^ 

18 

To a solution of piperidinium t etrathiotun£state 6* (1.452 

g, 3 mmol) in dimethyl formamide (10 ml) was added dropwise 

with constant stirrin£ butyltosylat e 27 (684 m£, 3 mmol) in DMF 

(2 ml). The reaction took 13 h to go to completion. It was 

worked up as described earlier. Chromatographic purification 

using 10% ether /petroleum ether (60-80^C) as eluent yielded the 

butyl disulfide 18 (0.186 £, 63.%), b.p. 95-98°C/6 mm (lit.^/^^ 
b.p. 226 ®C). 


Reaction of Butyltosylat e 27 with 6a 

CH3CH2CH2CH2OTS i- ^NH 2 ) 2 W ^4 
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CHAPTER n 


CHEMISTRY OF CYCLIC DISULHDES 


2. 1 IMTRODlKmW 

There are a number of methode available in the literature 
for preparing cyclic disulfides. The preferred method varies 
with ring size. The common procedures involve either 
conversion of a dihalide or a ditosylate to a disulfide by dis- 
placement with disulfide anion (prepared situ from sodium 

sulfide and sulfur),^ or the oxidation of a dithiol by various 
oxidizing agents; Hydrogen peroxide or ferric chloride often 

serves well, with high dilution J>eing desirable for rings of 

2 

more than six members. Iodine with tri ethylamine has also 

3 

been recommended. The best method of preparing 1 , 2-dithiolane 

system from the corresponding dithiol is by treating it with 

o 4 

hydrogen peroxide at 75 C (which minimizes polymerization). 

1,2-Dithiane can be prepared efficiently by either treat- 
ing hemitosylate of the dithiol with a base or the 

4 

corresponding lead thiolate with sulfur. 1 , 2-Dithiepane can 

be prepared by treating the corresponding dithiol with ferric 
4 

chloride. 


Cyclic disulfides have also been obtained by the steam 



As seen frost the 


distillation of appropriate Bunte salt.^ 

Table 2.1 , the yields vary sreatly with ring size. 

There is no relation between the stabilities of the 
various rings and the yield of the products that are forsied. 
The yield of any ring depends on the probability of the two 
sulfur atoms being close together at the tiste the Bunte salt is 
broken apart. The yield of the triaethylene disulfide is high 
but it is unstable while the eleven meiitbered ring is relatively 
stable though the yield is less. These cyclic disulfides tend 
to go into linear polymers.^ 

Recently, Harpp et al . have reported the high yield prepa- 
ration of cyclic disulfides by iodination or bromination of 

7 

alkyl tin thiolates without the need of high dilution CSchAn* 

2 . 1 ). 

1 , 2-Dithiolanes are interesting cyclic disulfides. They 

are so nearly planar that the marked distortion from the 

preferred dihedral angle of 90*^ evidently figures importantly 

in the high degree of ring strain they manifest, variously 

8 

estimated at 16-27 kcal/mole. It is not astonishing therefore 

that pure 1 , 2-dithiolanea polymerize so readily that it can be 

2 i 

kept well only in solution. ’ Substitution for hydrogen atoms 
at methylene carbon enhances the rate of formation of small and 

9 

medium sized rings and is attributed in part to the reduction 
in the number of energetically accessible rotamers in the open 
chain methyl precursor, relative to the nonsubst itut ed open 
chain. This ring is of particular interest, since it is the 
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distinctive part of several aonocyclic disulfides occurring 

naturally. Derivatives of the 1 , 2“'dithiolane include the 

alkaloid brugine 47 and gerrardine 48^^ the neurotoxic compound 

nereistoxin 48 from the marine worm,^^ the acid from asparagua 

41, compounds from cabbage believed to be 1 , Z-dithiole-S- 
13 

thiones 40^ charatoxin from the green fresh water alga chara 
14 IS 

filobularis 4S, «-lipoic acid 37 and the new sulfur 


containing insecticidal alkaloids Guinesine A 44*, B 44b, C 44e 
from cassipourea guianensis ^^ (SchAins 2.2). 


The endodisulf ide analogue of PGH 2 , aethyl (5Z,9oi,lla, 13E, 
15S)-9 , 11-epidithio 15-hydroxyprosta-5 , 13-dienoate 63, is of 
special interest, since the dithio linkage is more stable 
chemically than a peroxide unit and the molecular geometry of 
the rigid endodisulf ide ring system approximates that of 
PGHj . ‘ 

a-Lipoic acid 37 has been of interest to biological 

1 8 

chemists for some time but particularly since its isolation 

19 

and identification. Interest in the total synthesis of 

ot-lipoic acid 37 arose because of its physiological 
18 20 

properties. ' Lipoic acid 37 is one of the coenzymes of an 

enzyme complex that catalyze oxidative decarboxylation of 

182021 22 
a-keto carboxylic acids. ’ ’ It is a growth factor for a 

variety of microorganisms and it reduces the blood sugar of 

23 

diabetic rabbits during a glucose tolerance test. Calvin and 
coworkers postulate that lipoic acid participates in the 
primary photochemical reaction of photosynthesis. In more 
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Scheme 2.2 



45 46 41 47 


Charatoxin Nercistoxin Asparagusic Ljpoic Acid 

acid 




recent modification of the postulation,^^ the role of lipoic 

acid is depicted in a reaction sequence analogous to its role 

in a-keto oxidation. It appears to aid in the functioning of 
2 6 27 

certain enzymes ' and the mechanism for its action has been 

27 

proposed. Although the coenzyme activity is confined to the 
C+) isomer, the (±) form is equally important in medicine in 
view of the fact that the presence of the (-) isomer has no 
detrimental effect on the therapeutic value. Lipoic acid 
which has been rather thoroughly studied clinically,^® has an 
acute toxicity in animals at a value of 100 to 1000 times its 
therapeutic dose. 

Although several syntheses of (±) lipoic acid 37 have been 

reported, natural R (+) lipoic acid 37 has been obtained by 

2 9 

resolution of the racemate. The first asymmetric syntheais 
of (+) lipoic acid was reported by Elliott and coworkers®® in 
which the rather expensive S,S pentane 2,4-diol was used as the 
starting material and source of optical activity (Schema 2.3). 

Lately a number of strategies have been put forth for the 
synthesis of optically active a-lipoic acid.^®*^ The R confi- 
guration of (+) lipoic acid has been confirmed by Golding®^ by 
a synthesis of the unnatural (-) antipode from the S-mallc 

acid. A synthesis of the natural enantiomer has been completed 

15b 

by the same group starting from S-malic acid. (Schama 2.4). 

Asparagusic acid has been obtained from the roots and 

32 33 

edible portions of asparagus of f icialis . ’ This dithiolane 


is a plant growth inhibitor exhibiting activity comparable to 
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Scheme 2.3 
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Scheme 2 .4 
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32 33 

abscleic acid ' and it also posseases potent nenaticidal 

33 

activity. Synthetic procedures for this cospound have been 

34 

reported, however, all these procedures have Inherent 
problems arising from the instability of the precursors and/or 
formation of product mixtures which are difficult to separate. 
Christopherson and Teuber^^* reported a modified procedure for 
the synthesis of 4-substituted 1 , 2-dithiolanes which allows a 
better controlled preparation. Unfortunately, the yield 
obtained by this method is very low (33%) (Scheme 2.53. 

Our interest in the chemistry of cyclic disulfides, in 
general, and the synthesis of some naturally occurring 1,2-di- 
thiolanes, in particular, arose from the fact that our 
methodology of novel alkylation with tetrathiometallat es 
(Chapter I) could be extended to intramolecular reactions as 
well. Host of the syntheses reported thus far, for forming the 
crucial S-S bond in an intramolecular reaction of 1,3-dihalides 
or dimesylates involve treatment with Na^S/S reagent system.^ 
The reaction conditions are not that mild and yields of the 
products are only moderate. In this chapter we present our 
work on the successful synthesis of cyclic disulfides using 

tetrathiometallat es and the application of this methodology to 
the synthesis of asparagusic acid 41 and (±) ot-lipoic acid 37. 

2.2 RESULTS AND DISCUSSION 

Synthesis of Cyclic disulfides with Tetrathiotungstates 

2 - 

Having shown the efficacy of tetrathiometallates (MS^ ) 
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o£ nolybdenua and tungeten in bringing about the formation of 
dieulfidea from alkyl halidea in int ermolecular reactiona 
(Chapter I), it was of intereat to find out whether cyclic 
disulfides can be formed efficiently from (l,n) dihalo 
compounds via intramolecular pathway. 


Harpp and MacDonald have earlier shown that the per- 

2 — 

sulfido complex, ^ on treatment with oi,ot’ -dibromo- 

3 6 1> 

o-xylene 20 in a sealed tube at 90 for 20 h gave 

1 , 3~dihydroi sothianaphthal ene 30a as tbe only product in 67% 

yield (ScHeina 2.6). However, treatment of 2““brouio~2'"inethyl“ 

propane 66, 2 , 6-dibroroocyclohexanone 67 or 1 , 3-dibromopropane 4 

with the persulfide reagent 1 in benzene or acetonitrile gave 

only the starting materials even after prolonged heating 

CScHenks 2.6). Interestingly, reaction of piperidiniuro tetra~ 

thiotungstate 6 with a,o("-dibroroo-o-xylene 20 (DMF, 28 ^C, 4 

^ ^ 

h) afforded the cyclic disulfide 30 as the only product in 

37 

excellent yield (94%) (Schenk 2.7). 

38 

Treatment of 1 , 3-dibromobutane 7 with 6 at room tempe- 
rature (~28 °C) initially posed a few problems. Ue obtained 

the dimer 8 instead of the desired 3-methyl 1 , 2-dithiolane 
37a 

system 9 . This probably results from a higher order of 

reactivity of primary bromide, compared to the secondary 
bromide. This problem, however, was overcome by carrying out 
the reaction in the dark at a higher temperature (dO °C for 4 
h) and in more dilute solution. In this case 1 , 2-dithiolane O 
was obtained in 61% yield (Scteme 2 . 8 ) . 



Scheme 2 .6 
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The reaction of 1 , 3-dibroaopropane 4 with 6 took place 

readily at room temperature (28 2 h). However, attempte to 

isolate pure 1 , 2-dithiolane system 5 always led to polymerized 
39 . 

material 5a> This is in accordance with the earlier observ 
2 4 . 

ation ' that unsubstituted dithiolane systems are prone to 
polymerization (^heaie 2.9). 

2 , 2-Dimethyl-l , 3-dibromopropane 13^^ was prepared by the 
reaction of 2 , 2-dimethyl-l , 3-propane diol with PBr^ . Compound 
13 on treatment with 6 (28 ^C, 6 h) gave the corresponding 

4 , 4-dim6thyl-l , 2-dithiolane 1-4 in 68% yield. Compound 10^^ 
under similar reaction conditions, on treatment with 6 (DMF, 28 
°C , 5 h) afforded the 1 , 2-dithiolane in 62% yield. 

Compound 11 was also obtained as the only product (56%) by 
reaction of ditosylate 12^^ with 6 (DMF, 28°C, 12 h) (Scheme 

2 . 10 ). 

Similarly when the ditosylate 15 was treated with one 
equivalent of 6 (DMF, 12 h), the corresponding 1, 2-dithiolane 
system 16 was obtained in 54% yield (Scheme 2.11). 

In order to find out whether the present methodology could 
be effectively extended to synthesize higher cyclic dithia- 
analogues, we treated 1 , 4-dibromobutan6 17, 1 , 5-dibromopentane 

10 and 1 , 6-dibromohexane 21, with 6 and obtained the corres- 
ponding dithiane 18,^ dithiepane 20*’^^ and dithiaoctane 22^'^^ 
in 74%, 50% and 46% yield, respectively (Schfeme 2.12). At this 
point it was decided to gauge the scope of this novel reaction 
to the formation of disulfide which is part of a splro cyclic 
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aystein. Accordingly, the tetrabroxno compound 23^^ derived from 
pentaerythritol was allowed to react with two mole equivalents 
of 6 (DMF, 28 12 h). The t etrathiaspiro compound 24 (55%), 

the dibromodithiolane 24a (13%) and unreacted starting material 
23 (6%) were isolated from this reaction after chromatographic 
purification (Scheme 2.133. The spiro compound 24 has recently 
been prepared by Christopherson and Teuber^^^ from 23 in two 
steps in 18% yield. This tetrathiospiro compound 24 has been 
used by Fijihara and coworkers for the synthesis of crown 

thioether 72 (Scheme 2.14). 

Another compound of interest was the bicyclic dithianor- 

3 7 b 

bornene 26. 3 , S-Dibromocyclopentene 25, when treated with 6 

o 

at 0 C for 12 h gave the bicyclic compound 26 in 20% yield 
(Scheme 2.15). The low yield of 26 in this reaction can be 
attributed to the unstable nature of the starting material and 
highly volatile nature of product. 

Considerable effort has recently been focussed on the 

synthesis of stable analogues of the prostaglandin endo- 

peroxide 68 as its short life of only 5 minutes in aqueous 

buffer has presented a problem in studying its biological 
17 

action. The endodisulf ide analogue of 73 is of special 

interest since a dithio-linkage is more stable chemically than 

a peroxide unit and the molecular geometry of the rigid 

endodisulf ide ring system approximates that of . A number 

of syntheses for this dithia analogue of prostaglandin endo- 

17 

peroxide have been reported in the recent past. It appears 
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that our methodology would provide easy access to some key 
intermediates in the synthesis of 73 and related compounds. 

Another allylic cyclic disulfide 28 was prepared by the 
reaction of ditosylate 27 with 6. The reaction took 18 h to go 
to completion and gave the disulfide 28 in 43% yield. The 
ditosylate was prepared from citric acid in 4 steps (Sdwme 
2.16). 

Having demonstrated the usefulness of piperidinium tetra— 
thiotungstat e 6 in the formation of cyclic disulfides from the 
corresponding dihalo compounds or ditosylates, it was decided 
to apply this methodology to the synthesis of (±) a-lipoic acid 
37 and asparagus ic acid 41 . 

Synthesis of ot-Lipoic Acid 37 

In designing an efficient synthesis of dl-ot-lipoic acid 

37» two problems have to be considered. The first one is the 

selection of proper building blocks for the eight carbon chain 

and the second problem is the method of forming the dithiolane 

system. For this purpose usually 1,3-diola, tosylates and 

halides were converted to the dithiols by the reaction of 

29b 

sulfur compounds such as sodium disulfide, thioacetic 

acid,^^ benzyl mercpatan^^ and thiourea.^ Ue have utilized our 
novel alkylation using metal-sulfur derivatives as the key step 
in the formation of the crucial sulfur-sulfur bond. The 
strategy followed for the synthesis of (±) lipoic acid from 
acetoacetic ester is outlined in Svchens 2.17. 
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Alkylation of the dianion of acetoacetic eater 31a with 
S-bromo-l-pentene gave the keto eater 32 in 78% yield. 32 on 
reduction with NaBH^ gave the correaponding hydroxy-eater 33 in 
81% yield. The diol 34 waa obtained (60%) by lithium aluminium 
hydride reduction of 33. Diol 34 on treatment with PBr_ gave 
the dibroinide 35 in 56% yield. The dibromo olefin 35 was 
smoothly converted into the corresponding dibromo acid 36 in 
64% yield by oxidation under heterogeneous conditions using 

A n 

KHnO^-CuSO^ . 5 H 2 O reagent in dichloromethane . The dibromo acid 
36 was then reacted with piperidinium tetrathiotungatat e 6 
(DMF, 50 4h) to afford C±) «-lipoic acid 37 (65%), m.p. 

45-47 . This compound exhibited spectral characteristics 

identical to those reported for a-lipoic acid in the 

•I 1*. * 48 

literature. 


Synthesis of Asparagusic Acid 41 

A short approach to the synthesis of asparagusic acid 41 

is depicted in Shhema 2.18. halonic ester 38 is an ideal 

starting material which in two steps can be converted to the 
49 

dibromide 40. Application of the key reaction of 

t etrathiometallate 6 with 40 gave asparagusic acid 41 which 

12 

v&B then converted to its methyl ester 43 on treatment with 
diazomethane. The compound 43 was also obtained by treating 
dibromo ester 42 with 6. 


2.3 EXPERIMENTAL SECTIW 
Experimental Procedure 
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All the reactiona were perforoed in oven dried apparatus. 
Reaction mixture were stirred magnetically unless otherwise 
specified and all the reactions were carried out in the dark. 
Reaction product solutions were concentrated using a Perfit 
votary evaporator and products were characterized by comparison 
with authentic samples (spectra, T.L.C., m.p.). Lassaigne's 
test was performed on each compound for detection of sulfur 

Materials 

Commercial grade solvents were distilled prior to use. 
Dimethyl formamide was initially purified by azeotropic distil- 
lation with benzene. The residual solvent was shaken with 
calcium oxide, filtered and distilled at reduced pressure. The 
fraction having b.p. 76 °C/39 mm Eg was collected. The distill- 
ate was stored over a type 4 i. molecular sieve. 

Chromatography 

Analytical thin layer chromatography was performed on Merck 
precoated glass backed silica gel 60F-254 0.25 mm plates. 
Visualization of the spots was effected by one or more of the 
following techniques : (a) ultraviolet illumination; (b) exposure 
to iodine vapour; (c) immersion of the plate in a 10% solution 
of phosphomolybdic acid in ethanol followed by heating to ca . 
200 °C. 

Column chromatography was performed using 60-120 and 100- 
200 mesh Acme silica gel. The flash chromatography was perform- 
ed using Merck thin-layer chromatography silica gel. 
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Physical Data 

Melting points (n.p.) were determined with a uni-aelt 
capillary melting point apparatus and are uncorrected. Boiling 
points (b.p.) are uncorrected. 

Bulb to bulb distillation was carried out on a 
Biichi-GKR-50 distillation unit. 

Infrared (IR) spectra were recorded on Perkin-Elmer model 
1320 and SftO spectrophotometers and are reported in wave 
numbers (cm ^). 

Proton magnetic resonance (PMR) spectra were recorded at 
90 MHz on a Varian EM-390 instrument, at 80 MHz on Bruker UP-80 
Instrument and at 90 MHz on Jeol FX-90Q instrument. Chemical 
shifts are reported in parts per million down field from 
internal reference tetramethyl silane (IMS) (6). Multiplicity 
is indicated using the following abbreviations: s (singlet), d 
(doublet), t (triplet), q (quartet), m (multiplet), br (broad); 
etc. Mass spectra (MS) were recorded on a Jeol JMS D-300 mass 
spectrometer. Principal molecular fragments are reported. 


Reaction of 1 , 3-Dibromopropane 4 with 6 


Br Br ^ — f ^ 


n 

s— s 


To a solution of piperidinium tetrathiotungstat e 
g, 4 mmol) in dimethyl formamide (20 ml) was added 
with constant stirring 1 , 3-dibromopropane 4 in 


Polymer 

6 (1.936 

dropwise 
dimethyl 


formamide (5 ml). The reaction mixture was worked up after 2 h 



by diluting It with water (150 nl) and extracting it with 
petroleun ether (40-60 C) (4x15 ml). The organic extracts were 
washed with water, dried (anhydrous HgSO^ ) and concentrated to 

give a white polymerized material Ba, m.p. 71-75 °C (lit.^^ m.p. 
76 °C). 

IR (CHCl^) : 2955, 2875, 960, 880 cm'^. 



7 


1 ,3-Dihydroxybutane (0.900 g, 10 mmol) and purified red 

phosphorus (0.21 g, 6.66 mmol) were placed in a three necked 

flask fitted with a reflux condenser and dropping funnel 

containing bromine (2.427 g, 15.15 mmol). The reaction mixture 

was heated such that contents refluxed gently, and then bromine 

was added in such a manner that very little bromine vapor was 

above the surface of the reaction mixture. After the addition 

was complete, reaction mixture was refluxed gently for 2 h. 

Reaction mixture was then filtered on a Bilchner funnel and the 

crude bromide washed subsequently with water, dil. HCl, 10% 

sod. bicarbonate solution and finally with water. The product 

was dried (anhyd. CaCl^) and concentrated to give 1,3-dibromo- 

o 38 

butane 7 (1.96 g, 91%), b.p. 71-72 C/20 mm (lit. 


174-175 °C). 



b.p. 
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O" + (<(^NH2)2WS4 -*• 

gj. g,' \ — f *■ Br S — S Br 

1 1 

To a solution of piperidiniuro t etrathiotungetate 6 (1.936 g, 
4 mmol) In dimethyl formamide (20 ml) was added dropwiae 
with constant stirring 1 . 3-dibromobutane 7 (0.664 g, 4 mmol) in 
dimethyl formamide (5 ml) at ~28 °C. After stirring for 4 h at 
28 C, the reaction mixture was worked up as described 
previously. The crude product on chromatographic purification 
(10% ether/petroleum ether 60-80 °C) afforded the dimer 6 
(0.363 g, 54%) as a pale yellow oil. 

IR (thin film) : 2940, 2870, 1465, 1380, 970, 895 cm~^. 

NUR (CCl^) : S 1.73 (d, 6 H); 2.13 (t, 4 H); 2. 7-3.0 
(m, 4 H); 4.07-4.3 (m, 2 H). 

MS (m/e) : 338 (M'^+4), 336 (H%2), 334 (M"^) . 

Reaction of 1 , 3-Dibromobutane 7 with 6 at 60 °C 

sCr 

7 1 ^ 

To a solution of piperidiniura tetrathiotungstat e 6 (1.936 g, 
4 mmol) in dimethyl formamide (25 ml) was added dropwise with 
constant, stirring 1 , 3-dibromobutane 7 (0.664 g, 4 mmol) in di- 
methyl formamide (10 ml) at ~60 °G. The resulting reaction 

mixture was stirred at 60 °C for 4 h. After the usual workup. 


the crude product was purified by flash chromatography on 



aillca eel (1:5, ether/petroleum ether, 40-60 °C) to yield 

3-»ethyl-1.2-dlthiol.n. e”* C0.301 B, 61») a pal. y.llov 

Oil. 

IR (thin film) : 2951, 2871, 1465, 1380, 970, 895 cm~^. 

H NHR (CDCl^) : 6 1.4 (d, 3 H); 1.9-2. 3 (m, 2 H) and 3. 0-3. 4 

(n, 3 H). 

MS (m/e) : 120 (M*), 88, 56. 


Preparation of 

TT 


2.4-Pentane diol 

+ NaBH4 - 





A solution of acetylacetone (28.5 e, 285 mmol) in methanol 
(85 ml) was added slowly to a stirred solution of sodium 
borohydride (7.14 g, 257 mmol) and sodium hydroxide (1.4 g) in 
water (71 ml), maintaining the temperature below -20 After 

the addition was complete, the solvents were removed under 
reduced pressure to leave a colorless solid. Glycerol (113 ml) 
was added and distilled to yield 2 , 4-pentanediol (23 g, 77%), 
b.p. 86°C/ 6 mm (lit.^° b.p. 98 °C/10 mm). 

Preparation of 2 . 4-Dibromopentane 10 

+ Red phosphorus + Br2 

OH OH 

2,4-Dihydroxypentane (1.04 g, 10 mmol) and purified red 
phosphorus (0.21 g, 6.66 mmol) were placed in a three necked 
flask fitted with a reflux condenser and a dropping funnel 
containing bromine (2.427 g, 15.15 mmol). The reaction mixture 


^YY 

Br Br 
10 



wae heated such that cont.enta refluxed gently and then bromine 
waa added such that very little bromine vapor was above the 
surface of the reaction mixture. After the addition was 
complete, the reaction mixture was refluxed gently for 1 h. 
The crude bromide was subsequently washed with water, dil. HCl , 
water, 101 sodium bicarbonate solution and finally water. 
Product was dried (anhydrous CaCl^) and concentrated to give 
2,4-dibromopentane 10 (1.9 g, 82%), b.p. 62-63 ‘^C/9 mm (lit.*^ 
b.p. 63.5 ^C/9 mm ) . 


Reaction of 2 . 4-Dibromopentane lO with 6 


rY 

Br Br 


+ (<^NH2)jWS4 




10 6 11 

To a solution of piperidinium tetrathiotungstate 6 (1.936 g, 

4 mmol) in dimethyl formamide (20 ml) was added dropwise with 

constant stirring 2,4-dibromopentane 10 in dimethyl formamide 

(5 ml) at ~28 Y. The reaction mixture was worked up after 6 h. 

Chromatographic purification using 5% ether/petroleum ether 

39 4i 3 

(40-60 ^C) as eluent gave 3 , 5-diinethyl-l , 2-dithiolane 11 

2 

(0.34 g, 64%) as a pale yellow oil. 

IR (thin film) : 2967, 2870, 1466, 1380, 1000-960, 890 cm"^ . 
NUR (CDC1-) : <5 1.12-1.22 (d, 6 H); 1.25-1.47 (m, 2 H); 
3.06-3.47 (m, 2 H). 

MS (m/e) : 134 (M"^), 90. 


Preparation of 2 , 4- Ditosylpentane 12 



YY + TsCl +TEA 
OH OH 


YY 

OTs OTs 


12 

2,4-Pentane dlol (1-04 g, 10 lainol) was taken In dry 
dichloromethane (15 ml) and to it was added dry triethylamine 
(2.0 e, 20 mmol). Toayl chloride (3.813 g, 2.2 mmol) was added 
in portions with constant stirring. The reaction mixture was 
allowed to stir for 24 h at 0 °C and then it was washed 
successively with water, cold dilute hydrochloric acid, water 
saturated aq. sodium-bicarbonate and then water and dried over 
anhydrous HgSO^. The dichloromethane was removed under reduced 

1 H 

pressure to give 12 (3.94 g, 91%). 

IR (thin film) : 3060-3010, 2960, 2865, 1470, 1380, 1180, 733, 

660 cm 

NMR (CDCl^) : 6 1.22-1.26 (d, 6 H); 1.29-1.34 (m, 2 H); 

2.5 (s, 6 H); 4.40-4.84 (m, 2 H); 7.34-7.46 


(d, 4 H); 7.87 (d, 4 H). 

Reaction of 12 with 6 

Y*Y + ► YY 

OTs OTs ^ S S 

12 6 11 
To a solution of piperidinium tetrathiotungstat e 6 (0.484 g, 
1 mmol) in dimethyl formamide (20 ml) was added 12 (0.432 g, 1 
mmol) in dimethyl formamide (5 ml) with constant stirring. It 
was worked up after 12 h as described earlier and chroma- 
tographic purification using 5% ether/petroleum ether (60-80 
°C) as eluent gave 11 (0.073 mg, 54%) and starting material 12 



(0.013 lofi, 9%). Spectral data were found to be identical with 
that of compound 11 prepared by the other route. 
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In a three necked flaek fitted with a reflux condenser and 
a dropping funnel was placed 2 , 2-dimethyl-l , 3-propane diol 
(2.08 g, 20 mmol). To this was added phosphorus tribromide 
(1.712 g, 6.28 mmol) from the dropping funnel over a period of 
0.5 h. The reaction mixture was heated at 115 °C for 4 h. After 
the usual workup 2 , 2-dimethyl-l , 3-dibromopropane 13^^ was 
obtained as a colorless liquid (2.78 g, 60%), b.p. 184-86°C 
(lit.^^^ b.p. 185-190 °C). 



To a solution of piperidinium tetrathiotungstate 6 (1.936 
g, 4 mmol) in dimethyl forraaraide (20 ml), compound 13 (0.920 g, 
4 mmol) in dimethyl formamide (5 ml) was added dropwise with 
constant stirring. The reaction was over in 6 h. It was 
worked up the same way as described earlier. After the usual 
work-up, the crude product was purified by flash chromatography 
on silica gel (1:10, ether/petroleum ether, 40-60 °C) to give 



(0.364 fi, 68%). 

IR (thin film) : 2950, 2870, 1385, 1365, 970, 895 cm“^ . 
H NMR (CDCl^) : 6 1.18 (s. 6 H); 2.78 (s, 4 H). 


Preparation of IB 



The diol (0.158 g, 1 mmol) was taken in dry dichlo- 
romethane (10 ml) and to it was added dry triethylamine (0.2 g. 


2 mmol ) . Tosyl 

chloride (0.381 g. 

2.2 

mmol) was added 

in 

portions with constant stirring. 

The 

reaction 

mixture 

vaa 

allowed to stir 

at 0 °C for 24 h. 

The 

reaction 

mixture 

was 

worked up, as 

described earlier 

and 

the crude 

product 

on 

chromatographic 

purification using 

10% 

ether/petroleum ether 


(60-80 °C) gave the compound IB (0.542 g, 97%). 

IR (thin film) : 3080, 2950, 2920, 2870, 2860, 1640, 1360, 1190, 

620 cm ^ . 

NMR (CDClj) : 61.1-1.6 (m. 8 H); 1.66-1.93 (m, 2 H); 2.43 
(a, 6 H); 3.73-4.03 (t, 2 H); 4.36-4.63 (m, 

1 H); 4.96-5.06 (m, 2 H); 5.33-5.90 (m, 1 H); 
7.03-7.36 (d, 4 H); 7.46-7.7 (d, 4 H). 

Anal. Calcd for C23®30°6^2" 5^-22; H, 6.44. 

Found : C, 59.27; H, 6.46. 



Reaction of 


compound 15 with 6 



15 §_ li 

To a solution of piperidinium tetrathiotunestate 6 (0.242 

6, 0.5 mmol) in dimethyl formamide (10 ml) was added dropwise 
with constant stirring compound 15 (0.233 g, 0.5 mmol) in 

dimethyl formamide (2 ml). The reaction mixture was worked up 
after 12 h as described earlier. Chromatographic purification 
using 15% ether/petroleum ether (40-60 ^C) as eluent gave the 
corresponding dithiolane 16 (0.051 g, 54%) as a pale yellow 
oil. 

IR (thin film) : 3080, 1640, 1500, 1100 cm~^. 

NMR (CDClj) ; S 1.04-1.30 (m, 8 H); 1.68-1.96 (ra, 2 H); 

2.72-2.88 (m, 2 H); 3.0-3.36 (m, 1 H); 4.32- 
4.64 (m, 2 H); 5.0-5.44 (m, 1 H). 

MS (m/e) : 188 (M"^), 124. 

Reaction of 1 . 4-Dibromobutane 17 with 6 

+ (^^NH2)2W54 

IZ ^ 

To a solution of piperidinium t etrathiotungstate 6 (1.936 

g, 4 mmol) in dimethyl formamide (20 ml) was added with 
constant stirring 1 , 4-dibromobutane 17 (0.864 g, 4 mmol) in 
dimethyl formamide (5 ml). The reaction was over in 3 h. It 




was worked up as described previously and chromatographic 
purification using 10% ether/petroleum ether (40-60 °C) as 

eluent gave 1.2-dithlane 18 (0.356 g, 74%), m.p, 27-30 °C (lit.^ 
m.p. 32- 33 ‘^C). 

IR (CHCl^) : 2910, 1450, 1280, 745 cm“^ . 

H NKR (CDCl^) : 6 1.95 (s, 4 H); 2.8 (s, 4 H). 

MS (m/e) : 120 (M^), 88. 

Reaction of 1 . 5-DlbromQpentanA IQ with 6 



To a solution of piperidinium tetrathiotungstat e 6 (1.936 

g, 4 mmol) In dimethyl formamlde (20 ml) was added dropwlse 

with constant stirring 1 , 5-dibromopentane 18 (0.920 g, 4 mmol) 

in dimethyl formamlde (5 ml). After stirring for 5 h it was 

worked up as described earlier and chromatographic purification 

using 10% ether/petroleum ether (40-60 °C) as eluent gave 

o 4 44 

compound 20(0.270 g, 50%), b.p. 55-60 C/1.7 mm (lit. ’ b.p. 

41°C/2 mm).IR (CHCl^) : 2910, 1450, 1280, 770 cm~^ . 

NMR (CDCl^) : 6 1.73-2.06 (m, 6 H); 2.8 (t, 4 H). 

MS (m/e) : 134 (M"^), 102, 70. 

Reaction of 1, 6-Dlbromohexane 21 with 6 



21 



To a solution of piperidinium tetrathiotungstat e 6 (1.936 
g, 4 ininol) in dimethyl formamide (20 ml) was added dropwise 
with constant stirring 1 , 6-dibromohexane 21 (0.976 g, 4 mmol) 
in dimethyl formamide (5 ml). The reaction was allowed to stir 
at 28 C for 8 h. After the usual work-up, the crude pro- 
duct on chromatographic purification on silica gel, using 10% 
ether/petroleum ether (40-60 ""c) as eluent gave 1,2-di- 

thiaoctane 22*^ (0.272 g, 46%), b.p. 60-63 °C/1 mm (lit.^^ 

b.p. 65.5 °C/2 mm). 

IR (CHCl^) : 2910, 1450, 770 cm 

NMR (CDClj) : 6 1.53-1.88 (m, 8 H); 2.56 (t, 4 H). 

MS (m/e) : 148 (M"^ ) , 147, 115, 83. 


Preparation of Tetrabromopentaerythritol 23 


HO — w — OH 

PBrs • 


Br 

HO—^^OH 
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Br 



23 


Pentaerythritol 

(1.25 *, 

9.2 mmol) was placed in 

a round 


bottomed flask provided with a reflux condenser and a dropping 
funnel containing phosphorus trlbromide (1.75 ml, 18.5 mmol). 
The flask was heated on a steam bath and phosphorus trlbromide 
continuously added. When the addition was complete, steam bath 
was replaced by oil bath and the temperature was gradually 
raised to 170-180 °C. After heating at this temperature for 20 
h, the orange-red reaction mixture was transferred to a beaker 
containing cold water (10 ml) and stirred thoroughly to reduce 
the lumps to smaller size. The red, flocculent material was 
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filter.d with auction Md ua.hed eeveral tinea with hot water. 

Finally it waa waahed with cold ethanol (2 .1. , 5 ,). After 

drying. the material waa tran.ferred to a large aoxhlet 
extractor and extracted exhauatlvely with 95t alcohol. The 
pentaerythrltyl tetrabromide 23 aep.rated from the alcohol and 

after cooling waa collected by filtration, m.p. 15t-6l‘‘c 

45 a 

(lit. m.p. 163 C). 


Reaction of Penta erythrltyl tetrabromidA 23 with 6 


::x:; - 

23 6 



To a solution of piperidinium tetrathiotungstate 6 (1,936 g, 
5 mmol) in dimethyl formamide (12 ml) waa added with constant 
stirrinfi pentaerythrltyl tetrabromide 23 (0.776 g, 2 mmol) in 
dimethyl formamide (5 ml). The reaction was allowed to fio for 
12 h. It was worked up in the same manner as described 
earlier. Chromatographic purification using 25% ether /petroleum 
ether (40-60 ^C) afforded the compound 24 (0.221 g, 55%), m.p. 
69-70 (lit.^^ m.p. 70 °C) and compound 24« (0,051, 13%) as 

an oil along with some starting material 23 (6%). 


CoiDfSound 24 
IR (CHCI 3 ) 

NMR (CDCI 3 ) 
MS (m/ 6 ) 
Compound 24a 
IR (thin film) 


: 2955, 2875, 960, 880 cm . 

: S 3.18 (s, 8 H). 

: 196 (M"*^), 164, 132, 117, 99, 85. 

; 2955, 2920 , 2875, 2854, 970, 890 cm' 
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H NMR (CDCI 3 ) = ^ 3.18 CB. 4H); 3.53 (e. 4 H). 
Anal. Calcd for C, 20.55; H, 2.74. 

Found : c, 20.61; H, 2.75. 



To a cold solution (-30 ^C) of freshly distilled cyclo- 
pentadiene ( 6.6 e, 0.1 mol) in hexane (15 ml), bromine (16 g, 
0.1 mol) was added dropwise with vigorous stirring. The trans 
isomer crystallized on the walls of the reaction vessel and was 
separated by decantation and recrystallized from ether to give 
a white, crystalline product (4.52 g, 20%), m.p. 43-44 (lit. 
m.p. 45 °C). The c is- isomer was obtained by evaporation of the 
n-hexane mother liquor and distillation of the residue at 
reduced pressure. In this manner, a colorless, constant boil- 
ing liquid was obtained (2.74 g, 12%), b.p. 52-54 °C/2.5 mm 
(lit.^^*^ b.p. 53-55 °C/2.5 mm). 



^Br 


To a solution of piperidinium tetrathiotungstate 6 (1.936 
g, 4 mmol) in dimethyl formamide (20 ml) at 0 °C was added 
dropwise with constant stirring 3 , 5-dibromocyclopentene 2S 
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(0.904 «, 4 mmol) in dimethyl formamide (5 ml). The reaction 
mixture waa stirred at 0 <>0 for 12 h. It was worked up by 

diluting the reaction mixture by water (100 ml) and extracting 

it with petroleum ether ftn-Ar\ ^ a. i r ^ 

BLuer 60 C) (4x15 ml). The organic layer 

was vaah.d with water till the a,u.a„. waahine. were al.o.t 

colorl.aa. Oreanlc layer wa. dried (anhyd. HgSO^ ) and cancan- 

trated. Chromatographic purification using pentane gave 

1 , 2 -dithianorborene 26 ( 0.102 g, 20 %) as a white waxy solid 

which WAS fotifidl to be v^ry unstAblo. 

IR (CHCI 3 ) = 

H NMR (CDCl^) : 6 2.47 (s, 1 H); 2.81 (s, 1 H); 4.17-4.3 

(br,s 2 H); 5.68 (a, 2 H). 

MS (m/e) : 130 (M""). 


Prep a ration of 2-Methylbut-2-en6-l . 4-diol 



p + LIAIH^ 



OH 

OH 


To a slurry of lithium aluminium hydride (2.489 g, 65.5 

mmol) in dry THF (40 ml) at 0 °C was added dropwise with stirr- 

51 

ing citraconic anhydride (2.8 g, 25 mmol) in dry THF (50 ml). 
After the addition was complete, the reaction mixturewas 
refluxed for 48 h, cooled to 0 °C and worked up by careful 
addition of water (2.5 ml), 15% aq. NaOH (2.5 ml) and water 
(2.5x3 ml) and stirred for additional 15 min. It was filtered 
through a sintered funnel, washed with ether, the filtrate 
dried (anhyd. MgSO^) and concentrated to give the crude allylic 
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dlol. Chro.»t08r.phic purification «.l„g 404 

p.troleun athar C<0-eo “c) a. aluant «a,a pura 


48%) . 

IR (CHCl^) 

NMR CCDCl^) 


= 3460, 3010, 2870, 1640 cin"^ 

: 6 2.03 (8, 3 H); 3.92-4.42 (m, 
(br,a, 2 H); 5.44 (d, 1 H). 


ethyl 

diol 


4 H); 


acetate/ 

( 1.22 6 , 


4.48 


Preparation of the PitosylAi-a Z7 



To a etirred solution of the diol (0.51 «, 5 amol) in di- 
chloromethane (10 ml) was added triethylamine (1.0 g, 10 mmol). 
The solution was cooled to 0°C and to it was added in portions 
tosyl chloride (1.907 g, l.l mmol). The reaction mixture was 
allowed to stir at room temperature for 24 h. It was worked 
up as described previously. The crude product on chroma- 
tographic purification using 40% ethyl acetate/petroleum ether 
(60-80 °G) as eluent gave the ditosylate 27 (1.270 g, 62%). 

IR (CHCl^) : 3080, 2970, 1640, 1340, 1170 cm”^. 

S NMR (CDCl^) : 6 1.72 (a, 3 H); 2.4 (s, 6 H); 3.90-4.23 (m, 

4 H); 5.07-5.32 (t, 1 H); 7.28-7.37 (d, 4 H); 
7.71-7.81 (d, 4 H). 


Reaction of Ditosylate 27 with 6 
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''C^Ts ((^NH2)2WS4 ► '^C'S 

^6 a 

a stirred solution of piperidinium tetrathiotungatat e 
(0.484 e, 1 mmol) in dimethyl formamide (10 ml) was added drop- 
wise the ditosylate 27 (0.410 g, i mmol) in dimethyl formamide 
(10 ml). The reaction was allowed to go for 18 h. It was work- 
ed up as described previously. Chromatographic purification 
using ether/petroleum ether (60-80 °C) gave 28 (0.057 g, 43%). 
IR (CHCl^) : 3010, 2970, 1600 cm~^. 

H NMR (CDCl^) : & 1.72 (s, 3 H); 3.10-3.14 (m, 4 H); 5.06- 

5.31 (t, 1 H). 

MS (ffl/e) : 132 (M"^). 



In a three necked flask, fitted with a dropping funnel and 
reflux condenser was placed o-xylene (1.06 g, 10 mmol). This 
was heated in an oil-bath and illuminated with a lamp (275 
watt), Uhen the temperature of the oil-bath reached 125 °C, the 

dropwise addition of bromine (3.52 g, 22 mmmol) was commenced 
with stirring. The rate of addition was regulated such that 
the entire bromine was added in 0.5 h. The mixture was stirred 
at 125 °C under Illumination for an additional 0.5 h. It was 
then allowed to cool to 60 °C and poured into petroleum ether 
(60-80 °C) (10 ml). As the homogeneous solution cooled slowly 





room temperature, It was stirred frequently to prevent 
caking of the brown crystalline product that separated out. The 
product 20 was then separated by suction filtration, washed 
twice with cold petroleum ether (dO-SO °C) (25 ml) and then 
dried on filter paper until nearly dry. Final drying was 
effected in vacuum desiccator containing solid KOH. The 
product 20 was obtained as a brown solid (1.23 g, 48% yield), 
mp. 89-91 °C (lit.^^^ m.p. 93- 94 ®C). 

Reaction of 20 with Piperidinium tetrathiotungstate 6 



To a solution of piperidinium tetrathiotungstate 8( 1 . 936 g, 
4 mmol) in dimethyl formamide (20 ml) was added dropwise with 
constant stirring, o-xylene dibromide 20 (1.056 g, 4 mmol) in 
dimethyl formamide (5 ml) at room temp6rature(~28 ^C). The 
reaction took 4 h to go to completion. It was worked up by 
diluting the reaction mixture with water (150 ml) and 
extracting it with ether (4x30 ml). The ether extracts were 
washed several times with water till the aqueous washings were 
almost colorless. The organic layer was dried (anhydrous 
MgSO^) and concentrated under reduced pressure. Chromato- 
graphic purification using pentane as eluent gave compound 30 
(0.632 g, 94%), m.p. 78-79 °C (lit.^^*^ m.p. 80®C). 

IR (KBr) : 3060 , 2960, 1600 cm 

NMR (CCl^) : <5 4.03 (s, 4 H); 7.08 (br.s, 4 H). 
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MS (ffl/e) ; 168 (»■"), 136, 104. 

Llpoic Acid 37 

Preparation of S-Bromo-i-pfenten^ 

1,5-Dibroinopentane (12.82 g, 55.74 mmoiy with freshly 
distilled hexamethyl phosphoric trianide (10 g, 55.8 amol) was 
heated to 200-210 (bath temperature under dry atmosphere). 
The product that distilled out below 130 ®C was collected. It 
further iona.1 ly distilled to get S—bromo^l—peiiteiie 

(7.97 fi, 96%), b.p. 127-128 ®C/atm. (lit.^^ b.p. 128 ®C/atm.). 

Preparation of 32 

Dry THF (50 ml) was taken in a three necked round bottom 
flask containing NaH (1.08 g, 22 mmol). The flask was 
stoppered with a septum cap, flushed with nitrogen and cooled 
on ice. Then acetoacetic ester 31 (2.6 g, 20 mmol) was added 
dropwise and the colorless solution was stirred at 0 °C for 20 
minutes. To this solution was added dropwise 1.6 M BuLi (13.2 
ml, 21 mmol) in hexane and the yellow solution of the dianion 
31a was stirred at 0 for an additional 0.5 h before using. 
To the solution of 20 mmol of the dianion in dry THF (50 ml) 
prepared as above, pentenyl bromide (3.28 g, 22 mmol) in dry 
THF (4 ml) was added. This reaction mixture was then slowly 
allowed to warm upto room temperature (~28 ®C) and stirred for 



additional 3 h. This was quenched with cone. HCl (4 al) in H^O 
(10 ml) and ether (30 ml). The organic layer was separated and 
the aqueous layer was further extracted with ether (3x15 ml). 
The extracts were combined, washed with water until neutral, 

dried (anhyd. MgSO^) to give the alkylated product 32 (3.101 g, 
78%) as a liquid. 

IR (thin film) : 3090, 1735, 1715, 1640 cm”^. 

H NMR (CDCl^) : <5 1.22-1.41 (t, 3 H); 1.47-1.66 (a, 4 H); 

1.97-2.22 (m, 2 H); 2.5-2.66 (t, 2 H); 3.47 
(a, 2 H); 4.09-4.38 (q, 2 H) , 4.88-5.19 (m, 

2 H); 5.63-6.13 (m, 1 H). 


Anal. Calcd for C. ^,0.,: C, 

11 18 3 

66. 

.67; 

H. 

9.09. 

Found : C, 

66. 

.71; 

H, 

9.10. 


Reduction of compound 32 



distilled ethanol (15 ml) and sodium borohydride (0.38 g, 10 
mmol) was added in portions at 0 ®C. The mixture was then 
stirred for 1 h at 0 °C and allowed to warm upto room tempera- 
ture (~28 °C) and stirred for another 3 h. Cold water (30 ml) 
was added and reaction mixture was allowed to stir for an 
additional 1 h. This was then extracted with chloroform (4x20 
ml). The organic layer was washed with brine, dried (anhyd. 
MgSO^) and concentrated to give compound 33 (1.609, 81%) as an 


132 


oil . 


IR (CHCl^) : 3360, 3080, 1735, 1640 cm~^ . 

h NMR (CDCI3) : 4 1.15-1. 3, (t, 3 B). 1.34-1.53 


1.87-2. 

18 (ffl 

, 2 

H), 

2. 

31- 

2.5 (; 

br,s, 1 

H); 

3.81 

-4. 

28 

(ffl. 

3 H) 

2 H); 5 

.46-6 

-03 

(ffl. 

1 

H) 


Anal. Calcd for C^.H.,^0.. 

11 20 3 

: C, 

66. 

00; 

H. 

, 10 

.00. 

Found 

: C, 

66- 

04; 

H, 

9. 

98- 


Cbr.s, 6 H), 

2 H); 3.18 
4.75-5.09 («, 


Preparation of compound 34 



To a slurry of lithium aluminium hydride (0.35 g, 9.2 
mmol) in dry tetrahydrofuran (5 ml) was added dropwise with 
stirring compound 33 (1.84 g, 9.2 mmol) in dry THF (10 ml). 
After the addition was complete the mixture was refluxed with 
stirring for 8 h, cooled to 0 with ice and worked up by 
careful addition of water (0.35 ml), 15% aqueous sodium 
hydroxide (0.35 ml) and water (1.05 ml) and stirred for an 
additional 15 minutes. It was filtered through a sintered 
funnel and washed with ether. The filtrate was dried (Na^SO^) 
and concentrated to give 34 - (0.866 g, 60%) as an oil. 

IR (thin film) : 3450, 3060, 1640 cm‘^. 

NMR (CDClj) : S 1.25-1.5 (m, 8 H); 1.54-1.75 (m, 2 H); 1.84- 
2.18 (m, 2 H); 3.53-3.96 (m, 3 H); 4.71-5.06 

m, 2 H); 5.43-6.03 (m, 1 H). 



Anal . 


Calcd for C-H.^0 • r 
9 18 2 ’ 

Found : c, 


68.35; H, 11.39. 
68.42; H, 11.40. 


Preparation of comoounfi 35 



In a three necked flaek fitted with a reflux condenser and 
a dropping funnel was placed compound 3-4 (0.632 g, 4 mmol). To 
this was added phosphorus tribromide (0.338 g, 1.25 mmol) from 
the dropping funnel over a period of 1 h. The temperature was 
not permitted to rise above "60 C. It was allowed to stir at 
28 C for 5 h and refluxed gently for 1 h. It was worked up the 
same way as described earlier. Concentration of the solvent 
afforded compound 35 (0.634 g, 56%). 

IR (thin film) : 3010, 2860, 1650 cm"^ . 

NMR (CDCl^) : 6 1.22-1.76 (m, 8 H); 1.9-2.14 (q, 2 H), 3.43- 
3.68 (t, 2 H); 3.93-4.28 (m, 1 H); 4.71-5.06 


(m, 2 H); 5.43-6.03 (m, 1 H). 

MS (m/e) : 286 (M'^ + 4), 284 (M'^+2), 282 (M"^). 


Preparation of compound 36 



Br Br 


KMn04“CuS04 



35 



36 


Potassium permanganate (4 g), copper sulfate (2 g) and 
water (0.2 «1) were round in a mortar pestle to a fine paste. 
Dibromo-olefin 3B (0.568 g, 2 mmol) was dissolved in dry 
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dichlorometh&ne (10 ml'i and i+ .. ^ v^.. 

wxj ana to it was added with constant 

stirring KMnO^-CuSO^ mixture in portions. Finally tert -butyl 

alcohol (1 ml) was added and the reaction mixture was stirred 

for 2 h. The reaction mixture was worked up by filtering over 

Celite- It was washed with sufficient amount of dichloro- 

methane, dried (anhyd. MgSO^ ) and concentrated to give the 

dibromo acid 36 (0.507 g, 84%). 

IR (CHCl^) : 3350, 3080, 1700 cm"^. 

NMR (CDClj) : <5 1.42-1.92 (br.s. 8 H); 2.12-2.34 (ra. 2 H); 

3.43-3.68 (t, 2 H); 3.93-4.28 (m, 1 H), 10.06 

(br,s, 1 H). 

MS (m/e) : 274 (M'^ + 4), 272 (M'^ + 2), 270 (M"^). 


Reaction of Dibromo acid 36 with Tetrathiotungstate 6 



To a solution of piperidinium tetrathiotungstate 6 (0.484 

g, 1 mmol) in dimethyl formamide (10 ml)waa added dropwise with 
constant stirring the dibromo acid 36 (0.302, 1 mmol). The 

reaction was carried out at 50 °C for 4 h to give lipoic acid 
37 (0.132 g , 65%), m.p. 45-47 (lit.^^ m.p. 46-48.5 ^C). 

IR (CHCl^) : 1700 cm”^. 

^NMR (CDCl,) : <5 1.60 (br,s, 8 H); 2.13-2.37 (m, 2 H); 3.08 

3 ' 

(t, 2 H); 3.50 (m, 1 H); 10.06 (s, 1 H). 

: 206 (M"^). 


MS (m/s) 
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An&l . Calcd for 




Found : 


C, 46.60; H, 6.80. 
C, 46.63; H, 6.79. 


Asparaguslc Acid S^thesis 41 

,n.al 30 

/C^ocHaCHa ^ocHaCHa 

HCHO + CH2 ► C 

Ve-ocHaCHa ^ocHaCHa 

39 

Formaldehyde solution (30t) (24.35 ml, 300 mmolf^nd K_C 0 . 
(0.787 6 , 5.7 mmol) were kept below 20 ®C to prevent the 

polymerization of formaldehyde while the mixture was being 

stirred, diethyl malonate (15.18 ml, 100 mmol) was added at a 
very slow rate. After the addition was complete, stirring was 
continued for 1 h. The contents were shaken thoroughly with 
ammonium sulfate solution and extracted with diethyl ether 

(4x20 ml) and dried (anhyd. MgSO^ ) . The ether and the excess 
formaldehyde were removed by distillation and the residual 

liquid was placed in an ice bath until crystals appeared. 

Di isopropyl ether (50 ml) was then added and the mixture was 

warmed to 50 until all the crystals dissolved. The solution 

in the ice bath was stirred until a thick suspension of 

crystals formed and was left there for an additional 2 h. The 
white crystals obtained after filtration were dried in vacuum 
to give diethyl bis (hydroxymethyl )malonate 30 (23.56 g, 74%), 
m.p. 46-48 °C (lit.^^ 48-50 °G). 

IR (GHCI 3 ) : 3430, 1735 cm“^. 

S NMR (CDC1-) : 6 1.0-1.33 (t, 6 H); 3.53-3.73 (br,s, 2 H); 
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4-06 (a, 4 H); 4.0-4.43 (q, 4 H). 


Preparation oi 


iP^broiBo-iaobutyric acid 


OCH2CH3 

OCH2CH3 


+ HBr 


'I>C02H 


Diethyl bia(hydroxyaathyl)fflalonate (3.16 «, lo'auBol), 48% 
hydrobrofflic acid (8 ml) were combined and heated until C^H^Br 
began to dlatil. After thia liquid ceased to boil, the 
reaction contenta were refluxed for 6 h. The product was 
crystallized out of solution by placing it in an ice bath for 
3 h. The solid was filtered, washed with ice water, and dried 
as before. Second fraction of crystals was obtained by 
removing approximately 4 ml of liquid from the filtrate to give 
the dlbromo acid (1.501 g, 70%, m.p. 98-100 *C (lit.*’ m.p. 
100-102 °C). 


IR (KBr) 


: 3300-3100,, 1700 cm" 


NHR (CCl^) : 6 3.10-3.28 (m, 1 H); 3.7-3.75 (d, 4 H); 9.2- 
9-54 (br,a, 1 H). 



and 1 drop cone. H^SO^ was refluxed for 12 h to give compound 

A 49 o 

41 (1.108 g, 91%), b.p. 70-72 C (lit. b.p. 72 C>. 

IR (thin film) : 1740cm'^. 
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NMR (CDCl^) 


<5 2.96-3.25 (m, 1 H); 3.62-3.65 (d, 4 H); 
3- 7 (a, 3 H) . 


Preparation of Hethvl Eater of Aaparacuaic Acid 43^^ 

^ t]^C02CH3 

42 6 43 

To a solution of piperidinium tetrathiotungatate (0.968 
g, 2 nsnol ) in dimethyl formamide (12 ml) vaa added dropwise 
with constant stirring compound At (0.520 g, 2 mmol). The 
reaction waa allowed to go for 4 h at ~28^C. It was worked up 
the same way as dcscvibecl eavUcv . Chromatographic purification 
using 25% ether/petroleum ether (40-60°C) as eluent gave the 
methyl ester of asparagusic acid (0.232, 72%). 

IR (CHClg) : 1740 cm"^. 

NMR (CDClj) : 6 2.97-3.06 (m, 1 H); 3.21-3.28 (d, 4 H) ; 

3.68 (a, 3 H). 

MS (m/e) : 164 (M"^) , 133, 132, 105, 104. 


Reaction of Dibromo acid AO with 6 



To a stirred solution of piperidinium tetrathiotungstate 
(0.968 g, 2 mmol) in dimethyl formamide (10 ml) was added a 
solution of dibromo acid 40 (0.492 g, 2 mmol) in dimethyl form- 
amide (10 ml). The reaction mixture was allowed to stir for 5 
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h. It was worked up aa described 
asparaguaic acid 41 (o. 182 g. 77%). «.p 
75.7-76.5 ®C). 


earlier to yield the 
74-76 (lit.^^ la.p. 


IR CCHCI3) 

NHR (CDCl^) 


: 3500, 1700 cm'^ . 

:S 2.95-3.08 (n, 1 H); 3.22-3.29 (d, 4 H); 


10.43 (a, 1 H). 


Preparation of the Hethvl eater .43 from 41 


s 

I 

s 



C02H 


+ CH2N2 



Diazomethane generated from 'Diazald’ (1.2 g) was added in 
portions to a stirred solution of 41 (0.300 g, 2 mraol) in ether 
(5 ml) at 0 C. Progress of the reaction was monitored perio- 
dically by TLC for 1 — 2 h. Excess diazomethane was destroyed by 
the addition of a few drops of acetic acid. Uater (20 ml) was 
added and the layers separated. The aq. layer was extracted 
with (2x15 ml) portions of ether. The combined ethereal 
extracts were successively washed with sat. sodium bicarbonate 
solution, water, brine and dried over anhydrous magnesium 
sulfate. The solvent was evaporated to yield product 43 (0.209 
6 , 
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CHAPTER M 


CHEMISTRY OF TETRATHIOTUNGSTATE; A NOVEL SYNTHESIS OF 
DISULFIDES FROM SULFON\L DERIVATIVES 

3.1 INTRODUCTION 

Sinc 0 atiXfonyl chlorides are easily prepared by the 
chloroaulfonation of arenas and alkanes^ their conversion to 
other organic sulfur compounds with sulfur in the lower 
oxidation state is synthetically useful. Among these, organic 
disulfides are important from the point of view of biological 

2 3 

activity, industrial utility and as valuable starting 

4 

materials for the synthesis of a variety of sulfenyl and 

5 

sulfinyl compounds. Thus the reductive coupling of sulfonyl 
chlorides to the corresponding disulfides constitutes an 
important synthetic methodology. 

A wide variety of reagents are known to reduce the 
sulfonyl halides to the corresponding disulfides. Both arene 
and alkane sulfonyl chlorides are reduced to disulfides by 
hexacarbonyl molybdenum in dry tetramethylurea (55-88%).* 
Carbonyl complexes of Ni, Fe or Cr reduce sulfenyl chlorides to 
disulfides below O^C in yields above 90%/ but the synthetic 
value of this reaction is dubious for most situations since 
sulfenyl chlorides not only are commonly made from disulfides 



bilt € ritAdily And 1 1 n 

y no quantitatively reduced to diaulfidea ainply 

by iodide ion® (Eqn. 3.1); 

2 RSCl . 2 KI ^ rsSR . . 2 KCl (3.1) 

An arene aulfonyl chloride (but not an eater) ia alao reduced 
by trichloroailane in benzene with anine catalyaia, aa are 
aulfinyl and aulfenyl chloridea or their eatera (53-91%) and 
the nechaniama of the reaction are atill unclear.^ 

Phoaphite eatera reduce arene aulfonyl chloridea, arene 
aulfenyl chloridea (ArSCl) or thiolaulfonatea (ArSO^SAr) to 

m 

diaulfidea, along with other producta.^® Triaryl phoaphinea 
(R^P) reduce arene aulfonyl chlorides to thiols and aulfinic 
acids, aa well aa to disulfides, and alao reduce ot-diaulf ones 
(RSO 2 SO 2 R), thiolaulfonatea (RSO^SR) or polysulfidea (RS^R) to 
diaulfidea.^® Care is necessary because phosphites and 
phosphines can desulfurize disulfides to aonosulf ides. 

An intriguing and promising reaction has been used to make 
unsymmetrical disulfides in 47-82% yield. In this, sulfenates 
are reduced aa shown^^ (Eqn. 3.2): 

3 PhSOMe + (RS) 3 B > 3 PhSSR + (WeO) 3 B .. (3.2) 

12 13 

DiphoAphoruA tAtrAlodlde, aluittlfiiuit iodide and chlorctri* 
methylallane/aodiua iodide reagent aystem^* are also known to 
convert the aulfonyl chlorides to the correapondlng diaulfidea. 



Th i o 1 011 1 £ on At £otifi (4 ♦’ 1 % va f 

louna to b« the interaediates in the 

conver.lon o£ 8«l£onyl and .u£inyl chlorides to the correspond- 
ing dl«ul£id.s using chlorotriaethyl.ilane/sodiua iodide system 
and a possible mechanism has been proposed^^*^ CSchmm* 3.1). The 
reaction of sulfonyl halides 1 with iodotrimethylsilane is 
most likely initiated by the formation of the sulfoxonium salt 
8, which can further react in three different ways. The attack 
of the iodide anion on the halogen atom in 8 (path 'a’) may- 
lead to silyl sulfinate 9 which, in turn, on treatment with 
iodotrimethylsilane splits off hexamethyldlsiloxane (HMDSO) and 
give sulfinyl iodide 8b. Compound 8b couples to a-disulfoxide 
11 . which rearranges to the stable and isolable thiolsul f onat e 
5. Its further reduction to disulfide by iodotrimethylsilane 
occurs via thiolsulf inate 12 and/or sulfenyl iodide 3b as shown 
in Schmim 3«1. The salt 8 can also react with second molecule 
of iodotrimethylsilane (path 'b') to give sulfinyl halide 8» 
which may be transformed into 3 via 10 or converted into 3b 
upon reacting with iodotrimethylsilane. Finally, the attack of 
iodide anion on the positively charged sulfur atom in 8 
followed by elimination of chlorotrimethylsilane (path 'c’) 
may result in the formation of sulfonyl iodide undergoing the 
reduction according to path 'a’ . nechanistic details of the 


conversion of sulfonyl halides to the corresponding thiol- 

15 

sulfonates was worked out by Palumbo. 

In 1969, Alper^ found that the reaction of sulfonyl 
chlorides with the hexacarbonyl molybdenum in anhydrous tetra- 
methyl urea provides a facile method for obtaining a variety of 
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dl 0 ul£ide« (Eqn. 3.3): 


Mo(CO)^ 

-T n TMU ^ .. (3.3) 

1 4 

Here, the netal carbonyl does not function as a catalyst. 
This is the first report in the literature wherein an inorganic 
complex has been used to effect this transformation. The 
yields in this reaction varied from 55-75%. Hexacarbonyl- 
chroffiium and tungsten proved to be relatively ineffective 
reagents for this transformation. The above reaction was 
carried out at 70 C with stirring under nitrogen atmosphere 
for 2. 0-2. 5 h and heated to 100 °C for 10-15 minutes. Uhen 
aulfonyl chlorides were treated with Fe(CO)^,^^ thiolsulfonates 
were obtained instead of disulfides in 36-71% yield. A 
postulated mechanism for the reaction of sulfonyl halide with 
ironpentacarbonyl is given in Scheme 3*2. It involves initial 
formation of a sulfur-iron ^ complex 14. Complex 14 can then 
react with additional sulfonyl chloride to give rise to 
disulfone 7 and the fairly unstable halogenometal carbonyl 15 
possibly via a four center transition state. Deoxygenation of 
7 with iron carbonyl produces the disulfoxide 11 which is known 
to exist as the thiolsulfonate tautomer 5. The reaction of 
sulfonyl halide with hexacarbonyl molybdenum is believed to go 
via the intermediacy of thiolsulfonates 9 (Schmms 3*3). 

Harpp^^ reported recently an interesting observation where 
a persulfldo complex Mo 2SJ2' the formation of e.-tolyl 

disulfide from £,-toluene sulfonyl chloride in acetonitrile at 
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80 C in B h. This ie th* first ex&npls wher« s thiometallate 

has baen used for this type of transforaation CSchas* 3.45. 

Although no internediatea have been isolated, Harpp and 

MacDonald feel that the reaction pathway involves the 

formation of, in the aulfinyl case, an «-disulfoxide 11 (which 

would be expected to rearrange to the thiolsulfonate^® ) or in 

the sulfonyl chloride system, the oi-disulfone 7 (Schama 3.5). 

Support for this pathway was obtained when a sample of 

bensenethiolsul f onate was refluxed in acetonitrile with complex 
2 - 

^ under a nitrogen atmosphere to yield 81% of the 
phenyl disulfide CSchama 3.65. 

In the light of our success towards the synthesis of 
disulfides from alkyl halides using tetrathiometallates (H = 
Mo, U) in both inter and intramolecular reactions, we decided 
to explore the reactivity of tetrathiotungstates with sulfonyl 
derivatives and study the scope and limitation of such a 
reaction. 

3.2 RESULTS AND DISCUSSION 

Earlier we have shown that alkyl halides can be converted 
to the corresponding disulfides in excellent yields using pipe~ 
ridinium tetrathiometallates, ( O 

Uhile exploring further the synthetic utility of tetrathio- 
tungstate 6, we observed a novel transformation in the reaction 

corresponding disulfides 


of sulfonyl derivatives to the 
(Eqn. 3.4): 
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Aryl alkyl aulfonyl chloridee r«act rapidly with a -ole 

•quivalant of 6 at room temperature to afford the correapondinfi 
diaulfidea in good yielda (entriea 1-8, Tabla 3.1). Thua, 
benzene aulfonyl chloride la reacted with 6 to «ive 
phenyldiaulfide 4a in 78% yield (DMF. 2 h). Similarly, toluene 
aulfonyl chloride lb, ^-bromobenzene aulfonyl chloride Id and 
^-chlorobenzene aulfonyl chloride le reacted with 6 to give the 
correaponding diaulfidea 4b, 4d and 4e (DMF, 2 h) in 69, 53 and 
57% yield, reapectively. The reaction of ^-aethoxybenzene 
aulfonyl chloride Ic took 2.5 h to go to completion to sive 
the correapondine £-methoxyphenyldiaulf ide 4c in 61% yield. 
ot-Toluene aulfonyl chloride If took a longer time (4 h) to 
react with 6 to give diaulfide 4f in 59% yield. Butane aulfonyl 
chloride Ig and methane aulfonyl chloride Ih gave the corre- 
ponding diaulfidea (DMF, 3 h) 4g and 4h in 41 and 100% yield, 
reapectively. Aa can be aeen from the Table 3.1, in terma of 
reactivity, alkyl aulfonyl chloridea react with 6 alower than 
the aryl aulfonyl chloridea. 

fi-Tolueneaulf inyl chloride 2 (entry 9) and jj-tolueneaul- 
fenyl chloride 3 (entry 10) were alao amoothly converted to 
diaulfide 4b (DMF, 0.5 h) in 96 and 88% yield, reapectively. 
P^-Tolueneaulfinic acid 16 (entry 16) waa alao converted to the 
correaponding diaulfide 4b (DMF, 0.5 h) in almoat quantitative 
yield. However, it la intereating to note that aulfoxide 17 
(entry 17), aulfone 18 (entry 18) and aulfonic acid lO (entry 




8 (ppm) 

1h NMR spectrum (80 MHz) of ^ 



8 (ppm) 

H NMR spectrum (60 MHz) of ^ 
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reaction tine (DHF, 24 h). 

Although no Internedlatea have ao far been iaolated in 
theae reactiona. a preli.inary inveatigation haa revealed ao«e 
intereating facta. Reductive dinerization of aulfonyl chloride 
1 and aulfinyl chloridea 2 to diaulfidea are generally believ- 
ed to go through different atagea^^ aa ahown in Soh^ata 3.7 

In order to teat the validity of the Intervention of theae 

intermediatea in our reaction, ^ authentic aanplea of «-diaulfone 
19 

7 and thioaul f onate eatera 5a«Kl were prepared and aubjected 

to reaction with 6. Although ^tolyltoluene benzenethiolaulfonate 

20 21 
8b and phenylbenzenethiolaulfonate 8* gave the correspond- 
ing disulfides Ab and ^a in 92 and 67% yields, respectively in 
leas than 0.5 h, the disulfone 7 took nearly 12 h to react with 
6 to give the corresponding disulfide 4b (88%). Hence it is 
very unlikely that the a-diaulfonea 7 are the intermediates in 
the overall trana format ion. The fact that thiolsul fonat e 

esters S«-d react almost instantaneously to give the products 
suggest that they are more likely to be the intermediates in 
the reaction although they could not be detected or isolated as 
intermediates in the reaction. The reaction of aulfonyl 
chloride 1 with tetrathiotungstate 6 was performed at a lower 
temperature (-20 °C) and the order of addition reversed such 
that at no Instant, excess of the reagent was present in the 
reaction medium. Monitoring the reaction by TLC showed only 
the unreacted starting material and the product, implying that 
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th* 8Ub86qii«nt StAna , 

«ch faater than the initial reaction. 

Since aulfinyl chloride 2 react* f«-* 

reacta faster than aulfonyl chloride, 

we believe the over*n ^ 

All tranaforaation probably goea aa 

indicated in Schfrme 3.7 where 4 

nere compound 1 geta converted to the 

aulfinyl chloride 2, which then undergoes oxidative coupling to 
give <.-diealf oxide 11 . Ih... o.-di.„lfoxid.e 11 are knovn“ to 

''**''^**'®* *^**^^^y thioleulfonate esters 5, which further 

undergo reduction to give the diaulfides. 


In the case of reduction of thiolaulfonatea by 6, one 

would anticipate the formation of unaymmetrical disulfides 

starting from thioleulfonate esters having different 

substituents at the aulfonyl and sulfenyl sulfur. However, in 

the reaction of and with 6, a mixture of 

unaymmetrical and both possible symmetric disulfides was always 

produced in a ratio of 2:1:1. This could be due to the 

disproportionation of the unaymmetrical disulfide formed upon 

reduction or rather by cleavage of the S-S bond in 
14b 

thiolsulfonate by 6 initially and reformation of the bond 
later. 


Attempts to crystallize out the inorganic material from 
the reaction mixture proved futile. Nevertheless, it would 
still be of Interest to study how tetrathiotungstat es 6 brings 
about this interesting transformation. 


At the present time, however, it could be used as a mild 
and efficient methodology for the synthesis of disulfides from 
aulfonyl derivatives. 



3. 3 EXPERT MEIH'AL 
Experimental Procedure 

the reactions were performed in oven dried apparatus. 
Reaction mixture were stirred magnetically unless otherwise 
specified. Reaction product solutions were concentrated using 
a Perfit rotary evaporator and products were characterized by 
comparison with authentic samples (spectra, T. L. C . ,ffi.p. ) . 

Lassaigne s test was performed on each compound for detection 
of sulfur. 

Kateriala 

Commercial grade solvents were distilled prior to use. 
Dimethyl formamide was initially purified by azeotropic distil- 
lation with benzene. The residual solvent was shaken with 
calcium oxide, filtered and distilled at reduced pressure. The 
fraction having b.p. 76 °C/39 mm Hg was collected. The distill- 
ate was stored over type 4 ^ molecular sieves. 

Chromatography 

Analytical thin layer chromatography was performed on Merck 
precoated glass backed silica gel 60F-254 0.25 mm plates. 

Visualization of the spots was effected by one or more of the 
following techniques: (a) ultraviolet illumination; (b) 
exposure to iodine vapour; (c) immersion of the plate in a 10% 
solution of phosphomolybdlc acid in ethanol followed by 
heating to _ca. 200 ^C. 


Column chromatography was performed using 60-120 and 100- 
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200 aesh Acne silica ael ^ ^ 

• - «6 flash chronato^raphy was perfora- 

ed uein£ Merck thin-lavAr- 

layer chrcaatography silica gel. 

Physical Data 

Melting points (m.p.) „ere deterained with a uni-aelt 
capillary aelting point apparatus and are uncorrected. Bolling 
points (b.p.) are uncorrected. 

Bulb to bulb distillation was carried out on a BOchi-GKR-50 
distillation unit. 

Infrared (IR) spectra were recorded on Perkin-Elaer aodel 
1320 and 580 spectrophotoaetera and are reported in wave 
nuabers (ca 

Proton aagnetic resonance (PMR) spectra were recorded at 
90 MHz on a Varian EM-390 instruaent, at 80 MHz on Bruker HP-80 
instruaent and at 90 MHz on Jeol FX-90Q instruaent. Chemical 
shifts are reported in parts per million down field from 
internal reference tetramethyl silane (TMS) C<5)- Multiplicity 
is Indicated using the following abbreviations: s (singlet), d 
(doublet), t (triplet), q (quartet), a (aultiplet), br (broad); 
etc. Hass spectra (MS) were recorded on a Jeol TMS D-300 mass 
spectrometer. Principal molecular fragments are reported. 


Preparation of p- Hethoxybenzenesulfonyl chloride Ic 
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Chlorosulfonic acid (19.5 . 1 , 0.293 «ol) vaa placad in a 
flask and coolad to 0 ®C. Aniaols (10.8 e, 0.1 aol) was addad 

dropwiae With atirrine at such a rate that teaparatura of the 

aixtura did not rise above 5 ^C. After the addition of 

aniaola, the reaction aixture waa stirred for 4 h and allowed 
to stand overnieht in freezing aixture. The liquid was poured 
on crushed ice and the aqueous solution separated froa the oily 
layer and the latter washed several tiaes by decantation with 
cold water. The oil was cooled at -10 ® to -20 ®C for several 
hours. The alaost pure jj~fflethoxybenzenesulfonyl chloride Ic 
crystallizes out froa petroleum ether (40-60 ®C) ( 12.20 g, 

59%), a.p. 41 (lit.^^ a.p. 42 ®C). 

IR (CHCI 3 ) : 1390, 1180 cm~^. 

NMR (CDClj) : 6 3.92 (s, 3 H); 6.73-6.81 (d, 2 H); 7.66- 
7.75 (d, 2 H). 


Preparation of p- Bromobenzenesulf onyl chloride Id 


Br-<Q> + CISO 3 H 


0 C 


Br 


-^^^50201 


Id 


This was prepared by the above procedure using bromo- 
benzene (10.5 al , 0.1 mole) and chlorosulfonic acid (19.5 ml, 
0.29 mole). £-Broaob 6 nzene 8 ulfonyl chloride Id was obtained as 
a solid (12.53 g, 49%), a.p. 75 ®C (lit.^^ a.p. 76 ®C)- 
IR (KBr) : 1385, 1195 cm"^ . 

NMR (CCl^) : 6 7.77 (d, 2 H); 7.93 (d, 2 H). 
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Pr^aratlon of 

^‘-^3 '*’ ~~ ^ Cl-^^S02C1 

l£ 

was prepared by above procedure using chlorobenzene 
( 10.2 ml, 0.1 nol) and chlorosulfonic acid (19.5 nl , 0.29 aol). 

£-Chlorobenzenesulfonyl Chloride le was obtained as a solid 

(10.77 g, 51%), m.p. 49-50 (lit.^^ 50-52 °C). 

IR (KBr) : 1388. 1195 cs.-^ 

NMR (CDCI 3 ) ' ^ 7.53-7.75 (d. 2 H); 7.93-8.12 (d, 2 H) . 

io n of o t -Toluenegulfonyl chloride If 

^-CHzCl + Mg + SO 2 CI 2 — ^^-CH2S02C1 

21 

Hagnesiuut powder (1.22 g, 50 iuboI) was taken in dry ether 

(5 ml) in a three necked flask fitted with a reflux condenser 

and a dropping funnel and to it was added dropwise a solution 

of benzyl chloride (5.75 ml, 50 mmol) in dry ether (25 ml). 

After the formation of Grlgnard, the reaction flask was cooled 

to -10 °C and sulfuryl chloride (3.09 ml, 50 buboI) was added 

dropwise during 10 minute period. The reaction mixture was 

allowed to stir for 1 h. The reaction was brought to room 

temperature and was filtered through celite pad and washed with 

benzene. The organic layer was concentrated to give a-toluene- 

o 

sulfonyl chloride If (6.01 g, 63%), m.p. 92 C (lit. 

‘^C). 


m.p. 94 
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IR (KBr) : 3020, 2970, 2862 

NMR (CDCI 3 ) = * «-84 ( 8 , 2 H); 


1600, 1185 cm 
7.43-7.56 ( 8 . 5 H). 


■Pr 8 p_aration of Butan.^m fpnyi chlnniH. 

o 

BuLi + 5O2CI2 BUSO2CI 

ii 

To a eolutlon of aulfuryl chloride (13.19 £, 60 naol) in 
dry hexane (lO al) under nitrogen ataosphere was added 
dropwiee at -50 °C with atirring, a aolution of 1.78 N (28 al , 
50 aaol) of n-BuLi in hexane. After the addition was coaplete, 
the bath teroperature was increased to -20 °C and ice-cold 
water (100 al) was added. The organic phase was washed with 
NaHCO^ at 0 C until there was no CO 2 evolution. It was washed 
with ice-water (100 al) and dried (anhydrous CaCl.). 

m 

Concentration of the organic layer gave the product Ig (4.82 

g, 62%). b.p. 75 ®C/10 aa (lit.^^ b.p. 84 ‘^C/13 aa) . 

IR (thin fila) : 1375, 1165 ca’^. 

NMR (CCl^) : 6 0.96-1.12 (t, 3 H); 1.3-2.16 (a, 4 H); 3.4- 

3.7 (t, 2 H). 


Preparation of Phenylbenzenethiolsulfonate 5a 

+ glacial CH3CO2H ^ 

4 a 

To a suspension of coaaercially available phenyldisul- 
flde ( 5.45 g, 25 aaol) in glacial acetic acid (200 al) was 
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added dropwiae 30 1 aqueous hydrogen peroxide (5.7 g, 51 anol} 
over a period Of 0.5 h. After stirring for 24 h at rooa 
temperature, cooling precipitated 0.4-0. 5 g of product. 
Dilution of the mother liquor with water (100 ml) caused an 
oil to separate which was decanted off. The oil and crystals 
were combined and dissolved in chloroform (100 ml). After 
washing with aq. saturated NaHCO^ and drying (anhydrous 
Na2S0^), evaporation left 6.04 g of an oil. Chromatographic 
purification using 1:1 hexane-bensene as eluent gave phenylben- 
zene thiolsulfonate 8a (3.46 g, 72%). Recrystallization using 
CH^OH gave 3.05 g of colorless crystals, m.p. 36-37 (lit.^^ 

m.p. 36-37 °C). 

IR (CHCl^) : 1310, 1133 cm”^. 

NMR (CDCl^) : & 7.31-7.68 (m, 10 H). 



5b 


A solution of thiocresol (1.24 g, 0.010 mol) in benzene 
(50 ml) was added dropwise to a stirred carbon tetrachloride 
solution (25 ml) containing Br^ (1-9 0.012 mol) during 10 
minutes at -10 °C. Nitrogen was bubbled through the solution 
for 40 minutes, to remove the HBr that was formed. Benzene and 
a mixture of g_-toluene8ulf Inic acid j[2 g, 12.82 mol) in B^O (60 
ml) were added to the solution and the stirring was continued 
for 5 minutes. The reaction mixture was transferred to a 
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sepArAtory funnel And ahAksn nt . ^ 

tor 15 ninutea. The Aqueoua phAae 

w.. r.«ov.d, «d ts. 

N.BCO 3 .olutlon d„d HjO .„d drl.d («>hyd. M,sop. of 

th. .olv.nt is_ vscM .ffordod th. £-tolyl-j,-tolu.n.thlol- 
aulfonate Sb (1.80 g. 65%). ».p. 73-75 °C (lit.^® «.p. 76 ^^C) . 

IR (KBr) : 1325, 1138 cib“^. 

H NMR (CCl^) : <5 2.3 (a, 3 H); 2.4 (a, 3 H); 7.2 (n, 8 H). 

MS (n/e) : 278 (m'"), 214, 155. 139, 123, 91. 


loo of ^^^onyl ~P~Toluenethiolaulf onAte 5c 



5c 

Thia wae prepared by the aame procedure aa above uaing 
thiophenol ( 1.10 g, 0.01 mol) and ^-tolueneaulfinic acid ( 2.0 
g, 12.82 mmol). Uork-up and removal of the solvent gave 
phenyl-£-tolu 6 nethiol 8 ulfonate (1.79 g, 68 %), m.p. 74-76®C 

(lit. 22. 28 ^ p ^3 o^j 

IR (KBr) : 1325, 1138 cm'^- 

NMR (CDCl.) : 6 2.4 (a, 3 H); 6.96-7.43 (m, 9 H). 

3 

Preparation of Ethyl -p- toluenethiolaulf onate 5d 

C2H5SH “h ^^ S02H ^ S— C2 H§ 

This was prepared by the same procedure as above using 
ethane thiol (0.62 g, 0.01 mol) and g^-toluenesulf inic acid ( 2.0 
g, 12.82 mmol). Uork-up and removal of the solvent afforded 
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th. crud. .thn £-tol„.n.thl<,l.uUcnat..“ Chro«to.rdphic 
purification uaine 30t dichloromathane-petroleua other 

(«0-e[l°C) ae eluent afforded pur. .thyl-£-tolu.nethiol- 

22 

sulfonate (1.34 g, 62%). 

IRCthin film) : 2962, 2920, 2865, 1148 co"^ . 


HKR (CDClj) : 6 l.f (t, 3 H), 2.4 (a. 

7 . 2-7.8 (a, 4 H) . 


3 H); 3.2 (q. 2 H); 


Preparation of Dieulfone 7 

glacial 0 0 

CHa-f^SOjH + CH3CO2H + KMn04-*-CH3-^-S-S-^^-CH3 

0 0 

t-Toluenesuf inic acid (6 g, 38.46 aaol) and glacial acetic 
acid (25 ol) were taken in a flask and the reaction mixture was 
cooled to 0 C. To this was added 1 g of finely powdered pota- 
ssium permanganate with stirring. After 5 h the reaction 
mixture was diluted with water (25 ml) and extracted several 
times with ether (4x25 ml). The ether extracts were washed 
with water and dried (anhydrous HgSO^). Organic extracts were 
evaporated to give 7 as a white solid (1.896 g, 16%), m.p. 208- 


210 °C (lit.^^ m.p. 212 °C). 


IR (KBr) 


: 1335, 1135 cm 


-1 


NMR (CDClj) : A 2.47 (s, 6 H); 7.45 (m, 4 H); 7.65 (m, 4 H) 


MS (m/e) 


: 310 (M"^), 262,246, 155, 139, 91. 


Reaction of Benzenesulfonyl chloride la with 6 


^^S02Cl + «(^NH2)2WS4 


la 


W ' 

4a 
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To a stirred solution of piperidinium tetrathiotungstat e 6 
(1.936 e, 4 mmol) in dimethyl formamide (10 ml) was added 
dropwise benzeneaulf onyl chloride la (0.706 g, 4 mmol) in 
dimethyl formamide (4 ml) at room temperature. The reaction 
was allowed to go for 2 h. DMF was distilled off under vacuum. 
The residue was dissolved in dichloromethane (30 ml) and washed 
several times with water till the aqueous washings were almost 
colorless. The organic layer was then dried over anhydrous 
NgSO^ and solvent was removed under reduced pressure to give 
phenyldisul f ide Aa which on chromatographic purification using 
4:1 hexane~benzene as eluent gave pure phenyldisulf ide ^a 
(0.339 g, 78%), m.p. 58-59 °C (lit.^^m.p. 60 °C). 

IR (KBr) : 3020, 1590, 1500, 750, 700 cm"^ . 

NMR (CDClj) : 6 7.21-7.65 (m, 10 H). 

Reaction of p- Toluenesulfonyl chloride lb with 6 

H 3 C-O- 50201 + ((^NH2)2WS4 

lb ,, 6 

To a stirred solution of piperidinium tetrathiotungstate 6 
(1.936 g, 4 mmol) in dimethyl formamide (10 ml) was added 
dropwise jgi-toluenesul f onyl chloride lb (0.764 g, 4 mmol) in 
dimethyl formamide (4 ml). After 2 h the reaction mixture was 
worked up as described earlier. Chromatographic purification 
using petroleum ether (60-80 G) as eluent gave ^-tolyldisul- 
fide 4b (0.340 g, 69 %), mp. 44 °C (lit. m.p. 46 C). 



Jk * Jl, 


IR (CHCl^) : 3020, 2960, 2920 

‘h NHR (CDClj) : i 2.28 « H); 


2840, 1570, 1460 ca"^ . 
7.0-7.21 (d, 4 H); 7.31- 


MS (a/e) 


7.5 (d, 4 H). 

: 246 (M*^), 214, 155, 123, 91. 


Reaction of p-Toluene ani f onyl chloride lb with 6 under 
controlled conditiona 

To a stirred solution of 2~toluenesul£onyl chloride lb 
(0.190 fi, 1 mmol) in dimethyl formamide (2 ml) was added drop- 
wise a solution of piperidinium tetrathiotungstat e 6 C 0 . 484 g, 
1 mmol) in dimethyl formamide (5 ml) at -20 ®C. Monitoring the 
reaction by TLC showed only the unreacted starting material and 
the £-tolyl disulfide 4b, 

Reaction of p- Methoxybenzenesulfonyl chloride Ic with C 

-^^S02Ct + (^[^NH2)2WS4 — 

1c £ 

To a stirred solution of piperidinium tetrathiotungstate 6 
(1.936 g, 4 mmol) in dimethyl formamide (10 ml) was added 
dropwise £-methoxybenzenesulfonyl chloride le (0.827 g, 4 mmol) 
in dimethyl formamide (4 ml). The reaction took 2.5 h to go to 
completion. It was worked up the same way as described 
earlier. Chromatographic purification using 25% dlchloro- 
methane-petrol eum ether (60-80 ^C) as eluent gave bis — 

(g^-methoxyphenyl)disul£ide 4c (0.340 g, 61%), m.p. 70-72 C 
(llt.^^ m.p. 73.5°C).^^^^^^ 
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IR (KBr) 

NMR (CCl.) 

4 


: 3020, 1245, 1065, 815 co'^. 

^ « 3.6« 6 B), «.5-«.83 (d, t H); 7.16- 

7-5 (d, 4 H). 



To a otirrad solution of piperidiniua tetrathiotungstate 6 
(1.936 g, 4 ttffiol) in dlnethyl foraaoide (10 al) was added 
dropwise £-broaobenzenesulfonyl chloride Id (1,02 g, 4 aaol) in 
diaethyl foraaaide (4 al) at rooa temperature. The reaction 
took 2 h to go to coapletion. It was worked up the sane way as 
described earlier. Chromatographic purification using 5% 
dlchloromethane-petroleum ether (60-80 ®C) as eluent gave 

bi«“(£-bromophenyl)diaulfide 4d (0.396 g, 53%), m.p. 91-92 °C 
(lit.^^ m.p. 93 °C). 

IR (KBr) : 3010-3030, 1570 cm"^. 

NHR (CDClj) : £ 7.28-7.53 (a, 8 H). 



To a stirred solution of piperidiniua tetrathiotungstat e C 
(1.936 g, 4 mmol) in dimethyl formamide (10 ml) was added 
dropwise £-chlorobenzene8ulfonyl chloride la (0.844 g, 4 mmol) 



in dlni^thyl formamld. (4 «1). Tha reaction waa worked up as 
d cribed earlier after 2 h. Chromatographic purification using 
5t dichloromethane-petroleum ether (60-80 ®C) as eluent gave 
M8C£-chlorobenzene)di8ulfide 4a (0.325 g. 57%) m.p. 67-70 
(lit. «.p. 71.5 °C). 

IR (KBr) ; 3020, 1570, 810, 740 ca"^. 

NMR (CCl^) : S 7.1-7.46 (a, 8 H). 

of «~ Toluen6eulf onyl chloride If with 6 

0"C«2S02CI + (QnH2)2WS4 .. 0_ch2S^ 

11 1 41 

To a stirred solution of piperidiniua tetrathiotungstate 6 
(1.936 g, 4 aaol) in dimethyl formaaide (10 ®1) was added 

dropwise a-toluene sulfonyl chloride If (0.764 g, 4 mmol) in 
dimethyl formaaide (4 ml) at room temperature. The reaction 
took 4 h to go to completion. It was worked up as in the 
earlier case. Chromatographic purification using petroleum 
ether(60-80 *^C) as eluent gave benzyldisulf ide (0.292 g, 59%), 
ro.p. 68-70 °C (lit.^° m.p. 71 *^C). 

IR (KBr) : 3085-3030, 2930, 2000-1667, 1600, 1495, 1455, 

650 cm 

NMR (CCl.) : S 3.5 (s, 4 H); 7.2 (s, 10 H). 

4 

MS (m/e) : 246 (M"^), 214, 182, 121, 91. 

Reaction of Butanesulfonyl chloride Ig with 6 

CH3CH2CH2CH2SO2CI + (^^NH2)2W54— -►CH3CH2CH2CH2S-^ 
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To a stirred eolution of piperidinium tetrathiotungstate 6 
(1.936 fi, 4 mmol) in dimethyl formamide (10 ml) vaa added 
dropwise butaneaulfonyl chloride Ig (0.626 g, 4 mmol) in 
dimethyl formamide (4 ml) at room temperature. The reaction 

took 3 h to go to completion. It was worked up as described 

previously. Chromatographic purification using lOV ether-petro- 
leum ether (60-80 °C) as eluent gave butyldisulf ide -4g (0.147 

g, 41%), b.p. 96-99 ®C/6 mm (lit.^^ b.p. 226 °C). 

IR (thin film) : 2960-2860, 1465, 1450, 1375, 760 cm”^ . 

NMR (CDCl^) : 6 0.88 (s, 6 H); 1.28-1.68 (m, 8 H), 2.70-2.96 

(t, 4 H). 

MS (m/e) : 178 (M'^), 146, 89. 


Reaction of Methanesulf onyl chloride Ih with 6 


CH3SO2CI + (<^NH2)2WS4 


CH3SSCH3 


To a stirred solution of piperidinium tetrathiotungstate 
«S (1.936 g, 4 mmol) in dimethyl formamide (10 ml) was added 
dropwise methanesul f onyl chloride Ih (0.458 g, 4 mmol) in 
dimethyl formamide (2 ml) at room temperature. Reaction was 
complete in 3 h. Methyldisulf ide was distilled out directly 
from the reaction mixture under vacuum. Attempts bn purify 
dimethyldiaulf ide 4h proved to be futile as dimethyl formamide 
contamination was there. However, G.C. analysis showed 100% 
conversion and dimethyldisulfide 41t as the only product; b.p. 
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ioa -109 “c b.p. 40 Oc/12 

IR (thin film) : 2960, 2856, 1375 cm~^ . 
H NMR (CCl^) ; s 2.43 (S, 6 H). 


P-Tolueneau lf inyl chloride 8 with C 



1 6 4b 


To a stirred solution of piperidinium tetrathiotungstate 6 
(1.936 g, 4 nmol) in dimethyl formamlde (10 ml) was added drop- 
wise a solution of £-toluenesulf inyl chloride 8^^ (0.698 g, 4 
mmol) Ifi dimethyl formemide (4 ml) at room temperature. The 
reaction waa complete in 0.5 h. The reaction was worked up in 
the aame way aa described earlier. Chromatographic purifi-- 
cation using petroleum ether (60-80 ^C) as eluent gave 
£-tolyldi8ulf ide 4b (0.473 g, 96%), m.p. 44 °C (lit.^^ m.p. 
46 ‘^C). 


Reaction of p- Tolueneaulf enyl chloride 3 with 6 


CH3 



SCI + 


((^NH2)2WS4 


3 


6 



To a stirred solution of piperidinium tetrathiotungstate 6 

(0.968 g, 2 mmol) was added dropwise a solution of freshly 

34 

prepared jj-toluenesulf enyl chloride 3 (0.317 g, 2 mmol) in 
dimethylformamide (4 ml) at room temperature. The reaction was 
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co«pl.t. in 0.5 h and wa. vork.d up a. d.acrib.d 
Chronatosraphlc purification u.in* p.trol.u. ath.r 
aa aluant ,av. £-tolyldlaulf Id, (0.215 g, est) . p 
(lit. n.p. 46 °C). 


previously. 
(60-80 ®C> 

43-44 ®C 


R gabion ,. of Phenylbenze n ethioleulfonatft 5s with 6 

S02S-^> + ({]^NH2)jWS4 

^ 4o 

To a stirred solution of piperidiniua tetrathiotungstate 
(1.936 g, 4 ttfflol) in dinethyl foraaaide (10 ol) was added 
dropwise a solution of phenylbenzenethiolsulfonate Ss (1.0 g, 4 
iiimoX])*. Xixifc i?^£tc'tXoA wfiLd &Xlov6d[ to £or* 0*5 li. It w&s woticoci 
up the same way as described earlier. Chromatographic purifi- 
cation using 4:1 hexane-benzene as eluent gave phenyldisulfide 
4* (0.583 g, 671), tt.p. 58-59 °C (lit.^^ m.p. 60 °C). 



Reaction of p- Tolyl -p- toluenethiolsulf onate 5b with 6 

5b 6 Ub 

To a stirred solution of piperidiniuffi tetrathiotungstate B 
(1.936 g, 4 fflmol) in dioethyl formaaide (10 al) was added drop- 
wise a solution of jj-tolylthiolsulfonate 5b (1.112 g, 4 aaol) 
in dimethyl foraaaide (4 ml). After 0.5 h the reaction mixture 
was worked up as described earlier. Chromatographic purifica- 
tion using petroleum ether (60-80 °C) as eluent gave 

p-tolyldisulfide 4b (0.900 g, 92%), m.p. 44 ®C. 

% 
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(1.936 g, 4 mmol) in dimethyl formamide (10 ml) was added drop- 
wise a solution of phenyl p-toluenethiolsulf onate 6 c (1.056 g. 
4 mmol). The reaction took 0.5 h to go to completion to £ive 
a mixture of the three disulfides; £-tolylphenyl disulfide 21 a , 
phenyl disulfide 4a and tolyl disulfide 4b in a ratio of 2:1:1 
(aa determined by gaa chromatography) in an overall yield of 
84%. Gas chromatography: column OV 17, and 50 mL/min. 
column temp. 200 °C, injection temp. 280 °C, 4b 1.138) ; 
4a (tj^: 1.767), 21a (tj^: 7.023). 


Reaction of p-Tolylethanethiolsulfonate 8 d with 6 



4- C 2 H 5 SSC 2 H 5 

21c 


To a stirred solution of piperidinium tetrathiotungstate 
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(1.936 e, A »aol) l„ dla.thyl for.„id. (lo ,1) »d<l.d drop- 

wia a aolutlon of £ l^lvlathanathiolaulfonat# Sd (0.664, 4 

««ol). Th. r.actlon took 1 h to ,o to oo.pl.tlon. It 
uorkod up a. d..crlb.d .arli.r. It ,av. a aixtur. of thr.a 

di.ulfidas, £-tolyI di.alfld, db.£-toIyl.thyI dl.ulfid. eib and 

diethyl disulfide 2lc in a 1 . 9.1 1 

in a 1.2:1 ratio in an overall yield of 

58%. The disulfides were conpared with authentic sanples of 

the sane. 


Reaction of p-Tolyldiaulfona 7 with 6 



L 1 ib 

To a stirred solution of piperidiniun tetrathiotun^state 6 
(1.936 e» 4 ittfflol) in dimethyl formamide (10 ml) was added drop- 
wise a solution of £-tolyldi8ulfone 7 (1.240 g, 4 mmol) in 
dimethyl formamide (4 ml) at room temperature. The reaction 
took 12 h to go to completion. It was worked up as described 
earlier. Chromatographic purification using petroleum ether 
(60-80 °C) as eluent gave p-tolyldisulfide 4b (0.863 g, 88%). 
m.p. 44 °C (lit.^’ m.p. 46 ®C). 


Reaction of Tolueneaulf inic acid 1C with 6 

— ^~^~S02H -f ( ^NH2)2 WS4 — — — ► CH3-^~~^S 

!§ 6 

To a stirred solution of piperidinium tetrathiotungstate 6 




(1.936 t. 4 Mol) In dL.thyX fomnnld, (lo «i) 
dropul.e vith constant stirring £-tolnsnssulf Inic add 16 
<0.624 g, 4 .mol) In dl.sthyl fornanid. (4 .1) at roo. t..p.ra- 
turs. Th. reaction took 0.5 h to go to conplstlon. It was 
worked up as described earlier. Chronatographlc purification 
using petroleus, ether (60-60 “c) as eluent gaye p-tolyl- 

disulflde (0.483 g. 961), n.p. 44 “c (lit.” m.p. 46 °C) . 

3 . 4 . REFERENCES 

1. Suter, C. M. "The Organic Cheniatry of Sulfur," Intra- 
Science Research Foundation: Santa Honica, 1060. 

2. Parry, R. J. Tetrahedron 1083, 39, 1215. 

3. Karchner, J. H. "The Analytical Chemistry of Sulfur and 
its Compounds;" Wiley: New York, 1072, p. 103. 

4. Kuhle, E. "The Chemistry of the Sulflne Acids;" Georg 
Thieme Verlag: Stuttgart, 1073. 

5. (a) Douglass, I. B. ; Norton, R. V. J. Org. Chem. 1068, 

33, 2104. 

(b) Douglass, I. B. J. Org. Chem. 1074, 39, 563. 

6. Alper, H. Angew. Chem. Int. Ed. Engl. 1060, 8, 677. 

7. Lindner, E.; Vitzthum, G. Angew. Chem. Int. Ed. Engl. 
1060, 8. 518. 

8. Kharasch, N. ; Wald, M. M. Anal. Chem. KWB, 27, 996. 

9. Chan, T. H.; Hontlllier, J. P.; VanHorn, W. F.; Harpp, 

D. N. J. Am. Chem. Soc. 1070, 92, 7224. 

10. Cadogan, J. I. G. Quart. Rev. (London) 1062, 16, 223. 



180 


11 . 


12 . 


13. 


14 . 


15. 


16 . 
17. 


18. 


19. 

20 . 
21 . 


22 . 


23. 

24 . 


Cra.fi£, R. H. ; Huab&nd, J. p, 
Commun. 1070, 1701. 

Suzuki, H. ; Tani , H . ; Osuka , A . 
139. 


Weaton, A. F. Cham. 
Chemistry Lett. 1^4, 


Ramesh Babu. J.; Bhatt, V. M. 


Tetrahedron Lett. 10%, 27, 


1073. 

(a) Olah, G. A.; Naranfi, S. C.; Field, L. D. ; Salem, G. 
J. Orfi. Chem. 1080, 45 , 4792 . 

(b) Kielbaainski , P.; Drabowicz, J.; Mikolajczyk, M. 

J. Org. Chem. 1082, 47, 4806. 

Caput o, R,; Ferrari, C.; Palumbo, G. Tetrahedron 1086 , 
42, 5377. 

Alper, H. Tetrahedron Lett. 1069, 1239. 

Harpp, D. N.; MacDonald J. G. Tetrahedron Lett. 1084, 


F. 


25 


703. 


Freeman, F.; Angeletakis, C. N. J. Am. Chem. Soc. 1083, 
105, 4039. 

Hilditch, T. P. J. Chem. Soc. 1008, 93, 1524. 

Palumbo, G.; Caputo, R. Synthesis 1081, 888. 

Chau, M. M. ; Kice, J. L. J. Am. Chem. Soc. 1076, 98, 
7711. 

Harpp, D. N.; Ash, D. K.; Smith, R. A. 3. Org. Chem. 
1970, 44, 4135. 

Gutmann, A. Chsm. Ber. 1014, 47, 636. 

Plchter, F.; Tamm, W. Chem. Ber. 1910, 43, 3036. 


25. 


"Beileoteins handbook of organic chemistry”, Verlag Von 



181 


Juliua SpringeriBerlin, 1026^ 11 , 55 , 57. 

26. G.loyan, G. A.; Agbalyan, S. G.; Eaayan. G. I. Ara. 

Khim. Zh. 1082, 35, 125. 

27. Quaat , H.; Keea, F. Syntheaia 1074 , 489. 

28. Kreaz®, G. ; Kort , W. Chem. Ber. 1061 , 94 , 2624. 

29. Bhatnagar , S. S.; Singh, B. J. Ind. Chest. Soc. 1030, 7 , 
663. 

30. Field, L. ; Lawson, J. E. J. Am. Chem. Soc. 1^8, 80, 

838. 

31. Cohen, V. I. Helv. Chim. Acta 1076. 59 , 840. 

32. Cumper, C. U. N.; Read, J. F.; Vogel, A. I. J. Cheat. 

Soc. 1065, 5323, 5860. 

33. Kurzer, F. "Organic Syntheaia,” Wiley: New York, 1^4, 

34, 93. 

34- Barhard, D. J. Chem. Soc. 1057, 4673. 

35. Rooe, A. T.; Gilman, H. ; Beaber, N. J. "Organic Synthesis,” 
Wiley: New York, 2nd Ed., 1058. 



CHAPTER IV 


CHEMISTRY OF SINGLET-SULFUR 

4.1 INTRODUCTION 

Although reference to singlet oxygen (^0^) first appeared 
in the literature in 1924 . it is primarily during the past two 
decades most of its chemistry has been delineated.^ For 
several years now, in anticipation that singlet sulfur (^S ) 
might emulate singlet oxygen chemistry, a number of workers 
have been actively pursuing possible synthetic avenues for its 
preparation. Among the many procedures available for the 
generation of singlet oxygen one of the most 

attractive is by means of the controlled, thermally induced 
decomposition of a phosphine or phosphite/ozone adduct (Scheme 
4,1). The first chemical generation of diatomic sulfur C^S.) 

3 

was achieved only in 1984 by Steliou, by the decomposition of 
a germanium trisulfide species 2 with triphenylphosphine 
dibromide. Evidence for the existence of singlet diatomic 
sulfur was accomplished by Diels-Alder trapping with various 
dienes to afford cyclic disulfides in Isolated yields ranging 
from 20% to 50% (Schema 4. 1 ) . 

4 

In an analogous reaction, Harpp and MacDonald discovered 
that a series of metal-pentasulf ides B, on treatment with 
triphenylphosphine dibromide, afford a (likely 


The 
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yi.ld of cyclic dl.ulfldo. obt.in.d by trapping ,i„gi,t 
in thi. r.action vith 1,3-di.naa ia u,„ than that obtainad 
iron, th. d.compo.ition of g.rnaninn triaulfide 2 . Ih. r.action 
with Sg , however, did not give any disulfide (Schem 4 . 2 ). 

In 1987, Steliou and coworkers reported an improved method 
for the production of singlet diatomic sulfur using a biphenyl 
precursor.^ In the presence of B 2 S 3 , generated in situ . 2.2-di- 
benzoylbiphenyl 7 with M^LCtrimethylsilyl ) 8 ulf ide and boron 
trichloride affords 2 , 2 ’ -bd^(thiobenzoyl Ibiphenyl 0 , which 
spontaneously ejects with C-C coupling and formation of 
9 , 10-diph#nylphenanthrene 11 (Scheme 4 . 3 ). 

These efforts have stimulated considerable interest in 
this area, and during the past year or so variety of groups 
have investigated some aspects of the chemistry of diatomic 
sulfur that began nearly 25 years ago.^ 

Recently, Schmidt found that cyclic 5 , 5-dimethyl-l , 2 -di- 
thla- 3 , 7 “diselenacycloh 6 ptan 6 12 undergoes thermal decomposi- 
tion with ring contraction and formation of 4 , 4-dimethyl- 
1 , 2-dl~sel enacyclopentane 13 and S^. This was trapped to give 
modest yields of cyclic disulfides^ (Schaina 4.4). 

Ando has implicated the formation of singlet diatomic 

sulfur in the decomposition of 9 , lO-epidithio-9 , ip-dihydro- 

anthraeene (anthracene endodisulf ide) . Hia strategy to prepare 

7 

this disulfide le is rather circuitous (Sehmma 4.S). 

In the course of some preliminary investigations on the 
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ch.»l.try of t.tr«hio.olybdat.. t.trathiotung.tot.., v. 

iaolatftd elamental atilfur In aome t* . 

^ai-nona. it ia baliaved 

that th* forwation o£ •lemental aulfur from theaa polyaulfida 
complaxaa would go ^ the InteriBediacy of reactive alnglet 
aulfur. If It ia ao, then reaction in the presence of conjugat- 
ed dl enea ahould auppreaa the foroation of elemental sulfur 

with concomitant foroation of the correaponding Diels-Alder 
adducta from the addition of unit to the diene. The react- 
ion of tetrathlooolybdates and tungstates was explored for this 
purpose. It appeared reasonable that we would be able to 
develop a shorter route to Ando’s key endo disulfide intermedi- 
ate 18 via the novel alkylation of tetrathiometallates 6 with 
alkyl halide reported earlier (Chapters l and 2). 

4.2 RESULTS AI4D DISCUSSION 

1 

Generation of Sinalet Sulfur ( S^) Using Tetrathiotungstates . 
and ita Reaetiona 

Although alnglet diatomic sulfur has been known to exist 

8 

in molten aulfur and vaporised aulfur, relatively few studies 

on ita chemistry have been reported because of no convenient 

3,5 

method of generation under mild conditions in liquid phase. 
Very recently Andl reported the generation of singlet di- 
atomic sulfur from 9 , lO-epidithio -9 , lO-dihydroanthracene 18. 
Compound 48 itself was prepared in situ, by a rather circuitous 
route starting from 9,10-dibromo-9,10-dihydroanthracene 14 

CSchmm* 4.0). Since there was no efficient, direct method for 
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th« conversion of either the dibroside 14 or the dithiol 15 to 

the en^-dieulfide 18, Ando had to reeort tn . V 

lesort to a Iona synthetic 

sequence. 

Since we have shown earlier (Chapters i and 2) that 
piperidiniun. tetrathiotungstate 6 is a convenient reagent for 
the synthesis of acylic and cyclic disulfides under very slid 
reaction conditions, it appeared reasonable that we would be 

able to develop a shorter route to Ando’s key endo-diaulf ide 
intermediat e 18 . 

Accordingly, a reaction was perforned initially where 
9 

dibrouto-cowpound 14 was treated with tetrathiotungstate 6 (DBF 
28 ®C, 4 h). The endo-sulfide 18 could not be isolated, but we 
obtained anthracene 10 and elemental sulfur (S ). Obviously 
■^^he endo -disul fide 18 formed in the reaction decomposed to give 
anthracene and singlet diatomic sulfur which in the absence of 
any trapping agent got converted to sulfur. 

Singlet diatomic sulfur produced in a reaction has been 

7 ' 3 * 6 ' ' 

trapped with conjugated dienes by Ando and others. In order 
to .hov th.t *n .ctlv. .Ineut diatomic aulfar ('s^) la 
produced in our reaction with tetrathiotungstate 6, the dibromo 
compound 14 was treated with 0 in the presence of 2,3-diphenyl- 

1. 3- butadiene 80 (MF, 80 ‘^C, 4 h). The products isolateAfroffi 
this reaction are anthracene (90%), elemental sulfur and 

3 . 4- dlphenylthiophene 81 (11%) (Stheme 4.6). It is not 

surprising that we could not isolate the 1,2-dithiin 21a, since 

81» is known to be unstable and it decomposes to 21 by 
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^heme -4.6 



21 




S (ppm) 

H NMR spectrum (90 MHz) of 20 



8 (ppm) 

H NMR spectrum (80 MHz) of 21 


elifliination of hydrogen sulfide under the reaction conditions.^ 

Similarly the reaction of dibromide 14. with 8 in the 
presence of Z-methylbutadiene 22 (DMF, 80 ®C, 2 h) led to the 
formation of anthracene (88%), sulfur and the dithiin 23 (4%) 
(Scheoie 4. 7 ) . The same dithiin 23 could also be obtained by 
another route involving tetrathiotungstate (Chapter 2), for 
comparison. Thus the allylic ditosylate 24 on treatment with 
tetrathiotungstate 6 (DHF, 28 °C, 18 h) afforded the disulfide 
23 ( 43 %). 

In another reaction the singlet diatomic sulfur was 
trapped using cyclopentadiene (DHF, ~28 °C, 4 h). In this case 
also> apart from anthracene (90%) and sulfur^ the disulfide 26 
was obtained (7%) (Scheme 4.8). The same disulfide 26 was 
obtained by an independent route using tetrathiotungstate 6 and 
3 , 5-dibromocyclopent ene (DHF, 0 ^C, 12 h) (20%) (Chapter 2). In 
our study, the yields refer to isolated products whereas 
previous workers have reported the yield of Diels-Alder 
adducts based on anthracene formed from 14. It is obvious that 
the trapping efficiency of these dienes has been poor and hence 
the low yield of the Diels-Alder adducts. Another factor that 
would account for the low yield of the products in all these 
reactions could be the inherent instability of these cyclic, 
allylic disulfides which tend to polymerize. Since elemental 
sulfur itself does not form the Diels-Alder adducts under our 
reaction conditions , the intermediacy of an active singlet 
diatomic sulfur is proposed in our reaction with tetra- 
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Scheme -4.7 



lA 6a 18 



24 23 




thiotungetat e 6 . 


Further work obviously is 

needed 

to 

Improve 

the effi- 

ciency of 

this 

process. In 

the present 

methodology the 

condit i ons 

need 

to be optimized 

and one 

has 

to 

also 

look for 


other substituted anthracene derivatives as possible precursors 
to singlet diatomic sulfur. 

4.3 EXPERIMENTAL 
Experimental Procedure 

All the reactions were performed in oven dried apparatus. 
Reaction mixtures were stirred magnetically unless otherwise 
specified and all the reactions were carried out in the dark. 
Reaction product solutions were concentrated using a Perfit 
rotary evaporator and products were characterized by comparison 
with authentic samples (spectra, T.L.C., m.p.). Lassaignes test 
was performed on each compound for detection of sulfur. 

Materials 

Commercial grade solvents were distilled prior to use. 
Dimethyl formamide was initially purified by azeotropic distil- 
lation with benzene. The residual solvent was shaken with 
calcium oxide, filtered and distilled at reduced pressure. The 
fraction having b.p. 76 *^C/39 mm Hg was collected. The distill- 
ate was stored over type 4 Si molecular sieves. 


Chromatography 



Analytical thin layer chromatofiraphy was performed on Merck 
precoated glass backed silica gel 60F-254 0.25 mm plates. 

Visualization of the spots was effected by one or more of the 
following techniques : (a) ultraviolet illumination; (b) exposure 
to iodine vapour; (c) immersion of the plate In a 10% solution 
of phosphomolybdic acid in ethanol followed by heating to ca. 
200 °C. 

Column chromatography was performed using 60-120 and 100- 
200 mesh Acme silica gel. The flash chromatography was perform- 
ed using Merck thin-layer chromatography silica gel. 

Physical Data 

Melting points (m.p.) were determined with a uni-melt 
capillary melting point apparatus and are uncorrected. Boiling 
points (b.p.) are uncorrected. 

Bulb to bulb distillation was carried out on a BOchi-GKR-50 
distillation unit. 

Infrared (IR) spectra were recorded on Perkin-Elmer model 

1320 and 580 spectrophotometers and are reported in wave 
- 1 

numbers (cm ). 

Proton magnetic resonance (PMR) spectra were recorded at 
90 MHz on a Varian EM-390 instrument, at 80 MHz on Bruker UP-80 
instrument and at 90 MHz on Jeol FX-900 instrument. Chemical 
shifts are reported in parts per million down field from 
internal reference tetramethyl silane (TMS) (6). Multiplicity 



is indicated using the following abbreviations: s (singlet), d 
(doublet), t (triplet), q (quartet), o (multiplet), br (broad); 
etc. Hass spectra (HS) were recorded on a Jeol JHS D-300 mass 
spectrometer. Principal molecular fragments are reported. 


Preparation of 9 , lO-Dibromo-9 , 10-dihydroanthracene 14 . 

Bi'2 ► 

14 

A solution of Br^ (0.5 ml) in CS 2 (10 ml) was slowly added 
to finely powdered anthracene (1.78 g, 10 mmol) suspended in 
CS^ (20 ml) and the reaction mixture was cooled in a freezing 
mixture. After 0.5 h the solid that separated was collected and 
washed with cold CS^ and with cold ether; yield (3.2 g, 94%), 
m.p. 168-170 °C (lit.’ m.p. 179 °C). 




Preparation of 2 , 3-Diphenyl-2 , 3-butanediol 

0 


<f> 0 


0 


CH- 


Hg CI2 + At 


H3C- 


■CH3 


OH OH 

Pinacolic reduction of acetophenone (9.55 g, 0,0795 mol) 
in absolute ethanol (39 ml) - benzene (39 ml) solution with 
aluminium foil (2.4 g, 0.0890 g-atom) in the presence of small 
amount of mercuric chloride (0.150 g, 0.55 mmol) according to 
the procedure of Newman^^ gave a thick oil. This was 
triturated with petroleum ether (40-60 °C) (10 ml). The 
resulting white aolid was collected on a Buchner funnel and was 
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washed with petroleum ether (40-60 ®C'> . . 

^ ou l; (3 ml) giving 2,3-di- 

phenyl-2 , 3-butanediol as white solid; m.p. 74-35 ®C (lit a 
74-85 °C). 

IR : 3375, 3080, 2970, 1600 cm“^ 

‘h NUR CCCl,) = i 1.37, 1.,2 (2., , ^ 

2 H), 7.10- 7.15 (br,s, 10 H). 


Preparation of 2 , 3-Diphenyl-l . 3-butadienft 20 

KHSO4 <P 


HaC- 



<; 

b 





CH3 


OH OH 




X 


20 


2 , 3 — Di ph eny 1 — 2 , 3 — but an ediol (5.0 g, 0.2 mo 1 ) was mixed 
with powdered and freshly fused potassium bisulfate (0.125 g, 
0.92 mmol). The mixture was distilled at 13 mm by gradual heat- 
ing with an oil-bath to a final bath temperature of 210 °C. Heat 
ing had to be controlled very carefully between 160-180 ®C. The 
product distilled between 145 and 170 °C (13 mm) and had a 
tendency to solidify In the condenser. The distillation took 
2.5 h. The distillate was cooled in a freezer (-15 *^C). It was 
then slowly warmed to room temperature and filtered giving 
2 , 3-dlphenylbutadl ene SO as a white crystalline solid (1.04 g, 
75%); m.p. 41-46 (lit.^^ m.p. 46 °C). 

IR (CHCl^) : 3010, 1650 cm~^. 

NMR CGDCI3) : 6 5,25, 5.47 (d, 4 H); 7.03-7.47 (br.s 10 H). 

Reaction of compound SO with 6 




To a stirred solution of piperidiniun tetrathiotungstate C 
(1.936 &, 4 mmol) in dimethyl formamide (12 ml) was added 20 
(0.392 e, 4 mmol) at room temperature. To the resulting solu- 
tion was added dropwise 9 , lO-dibromo-9 , 10 -dihydroanthracene 
(1.352 g, 4 mmol) in dimethyl formamide (15 ml). After the 
addition was complete, the reaction mixture was heated at 80 
for 4 h. It was worked up by diluting the reaction mixture 
by water (150 ml) and extracting it with petroleum ether (40-60 
C) (5x25 ml). The solvent was removed under reduced pressure. 
Column chromatography using petroleum ether (60-80 °C) as 

eluent yielded 21 (0.106 g, 11%), m.p. 110-112°C (lit.^^ 

m.p. 114 ®C). . 

IR (KBr) : 1460, 850, 795, 770, 750, 730, 720, 687 cm"^ . 

NHR (CDCI 3 ) : 6 7.15-7.25 (m, 12 H) 

MS (m/e) : 236 (M”^). 


Reaction of 2-Methylbutadiene 22 with 6 


To a stirred solution of piperidinium tetrathiotungstate 6 
(1.936 g, 4 mmol) in dimethyl formamide (12 ml) was added 
2-raethylbutadiene StZ (0.272 g, 4 mmol) at room temperature. To 
the resulting solution was added dropwise 9, lO-dibromo-9, 10- 
dihydroanthracene (1.352 g, 4 mmol) in dimethyl formamide (15 



X 

(QnH2)2WS4 22 — 


23 



ml). After the addition was complete, the reaction vas allowed 

to atlr for 2 h at 80 C. It was worked tip the same way as 

described earlier. Column chromatography using petroleum ether 
o 

(40-60 C) as eluent gave compound 23 (0.021 g, 4%). This 

compound was found to be Identical to that obtained by treating 
ditosylate 24 with piperidinium t etrathiotungstate. 

IR (CHCl^) : 3010, 2970, 1600 

NMR CCDCl^) : 6 1.72 (s. 3 H); 3.10-3.14 (m, 4 H); 5.06 
(t, 1 H). 

MS (m/e) : 132 (M'^). 


Reaction of Cyclopentadiene S 5 with 6 



To a stirred solution of piperidinium tetrathiotunfistate 6 
(1.936 e, 4 mmol) in dimethyl formamide (12 ml) was added 
cyclopentadiene 25 (0.264 g, 4 mmol) at room temperature. To 
the resulting solution was added dropwise 9 , 10-dibromo- 
9 , 10-dihydroanthracene (1.352 g, 4 mmol) in dimethyl formamide 
(15 ml). After the addition was complete, the reaction was 
allowed to stir at room temperature for 4 h. It was worked up 
the same way as described earlier. Column chromatography using 
pentane as eluent afforded the bicyclic disulfide 26 CO. 036 g, 
7%) as a waxy solid which was found to be identical to that 
obtained by treating 3 , 5-dibromocyclopentene with piperi- 
dinium t etrathiotungstate . 



IR (GHCl^) ; 3010, 1600 cin 

NMR (CDClj) : <5 2.47 (e, 1 H); 2.81 (s, 1 H); 4.17-4.3 
(br,a, 2 H); 5.68 (br, 2 H). 

MS (m/e) : 130 (M”^). 
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